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WITH THE DEVELOPxMENT of the pecan industr>' 
in the South the insects and diseases that attack 
the peean have increased in economic importance. The 
msects causing the most damage are the pecan nut case- 
bearer, the hiekory shuck worm, and tlie blaek pecan 
aphid, and the most destructive diseases arc scab and 
rosette. 

The purpose of this bulletin is to furnish the pecan 
grower information that will enable him to recognize 
these insect pests and diseases and to employ efTeetivc 
control measures against them. 

This bulletin gives the results of continued investiga- 
tions and supersedes Farmers' Bulletin 1651, Insects of 
tlie Pecan and How to Combat Them, and Farmers' 
Bulletin 1672, Diseases of Pecans in the Southern States. 
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INSECTS OF THE PECAN 
INTRODUCTION 

THE DEVELOPMENT of pecan prowinn; into a specialized iii- 
™^|ry refiiilted in an intensification of the problems of insect 
control. As plaiitiii<^s have been made in new areas, many of tlio 
'."^^•,8 fppding oil the pecan in its native liabitat have followed it, and 
in addition many other insects have tmnsferred tlicir attention to tJie 
pecan from natirc hickories or othw trees nearby. The problem of 
jisect control on pecans has also been complicated by the increased 
lendMicy toward the growin^r of this crop 111 more or less extensive 
Meas under orchard conditions. Finding tliemsclves in the mid'st of 
an abiiiiclant supply of their preferred food, the insects become 
exceedingly numerons, »nd oonsequently difRcult to control. 
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INSECTS INJURING THE NUTS 
PECAN NUT CASEBEARER 

One of the most important insects attacking the pecan is the pecan 
nut casebearcr (Acr-obasis C(m/ae (Grote)).' In Texas it has often 
been leiwrted ns destroying Irom one-tliird to three- fourths of the 
total pecan croj). It is also present in Louisiana, northern Florida 
und in Georgia, Alabama, and Mississippi, damaging from 5 to 40 
jwrcejit of tlie crop ewch year. 

Sei^sonal History, Habfts, and Injury 

The nut casebearer i)asser; the winter as a partly grown larva in 
Fmall, tightly woven cases, similar to those of the leaf casebearer 




cascbeai*er. 



(fig. 24), usually situated at the place where a bud joins the stem. 
The larvae become active during the latter part of Iklarch or early 
in April, the exact time deiiending upon the season and t-lie latitude. 
At hrst they feed a short time on the buds to which the cocoons arc 
attached; later they bore into the young tender shoots (fio- 1) where 
a leaf joms the main atom. After feeding for 2 weeks or more, the 



l'orm«-lj- PiroiiMusly called Aerobasia hebneelhi Hulst. 
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larvae transform to tlio piijial, or rostiiifr. fUipc within the tunuplccl 

shoots, 



When mature, the larva (fi<r. 2) is about half au iuch lone, and 
general color is a dirty olive {jroeu. The piipii (fig. 2) k »b«mt; 0 
third of an inch lon^ 
and when first formed 
has a decided olive- 
green cast, but later it 
is brown and without 
striking markings. 
After a pupal period 
of 11 to 18 days, moths 
appear. In southern 
Georgia this is usually 
between May 7 and 24. 
The appearauce of the 
maximum numbw of 
moths coincides fairly 
well with the ^ttiug of 
the nuts. 

The moth jfip:. 3) is 
of a rather inconspicu- 
ous dark-<rray color, 
with a ridge or tuft of 
long, dark scales ex- 
tending across each 
forewing near the mid- 
dle. It measures about 



it.s 
on»- 




FlGURB 2. 



— Larra (.-1) anil puim {II) ut tlio iiccMii 



five-eighths of un 



inch 



across the e.xpunded 

wmgs. The moths usually Ix'gin to lay their tiny, inconsjiicuous, 
greenish-white eggs from 2 to 4 days aft«r cme>rgenco, placing thoui 

singly on tli« outm* 
cim of tSie nut, and 
usually at or near thu 
base of the calyx lobes 
(fig. 4). Api)arcntly 
it is the habit of moths 
to lay but one or two 
eggs oil a cluster of 
nuts. 

The most im])ortant 
damage is cansod by 
t h c first -general ion 
larvae, which a]ipear 
in May and early in 
Jnuo and bore into 
the recently set nuts. 
At the point of attack, 
near the stem end, 
they cast out charac- 
teristic masses of bor- 




FiGURE 3.— Jloth of the pocan nut ca««bearer. 3 
times natural siae. 

"}p (%- _5), which are held together by fine silken threads, eventu- 
ally forming a short silk-lined tube. The flimsy web thus formed 
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probably protacts the larvae from tlie attacks of predatory and para- 
sitic insects while thej are entering the small nuts and also holds the 

nuts together in the cluster 
preventing them from drop- 
ping to the ground before the 
larva is mature. 

In the course of its feeding 
and development, which takes 
about 2G days (fig. 2) , a single 
larva of this generation may 
hollow out and destroy from 
two to five of the small nuts 
in the cluster. The larvae of 
the second generation attack 
the nuts in the same manner, 
but the loss is usually less, 
since the nuts are larger and 
only one or two are required 
for the development of tlie 
larva (fig. 6). 

The larvae of the later gen- 
erations usually cause very 
little damage. They seem to 
])refer the shucks, and in these 
they gnaw only through the 
surface, w h i c h apparently 
does not interfere with tiie 
development of the nuts. 
Usually there are but three generations of this insect iu a year, 
although in Texas four generations have occurred iu some years. The 




FiQUBE 4. — Egg of the pecan nut casc- 
bwirer. 12 times natural size. 




Figure 5.— Buds and young nuts showing injury by larvae of the pecan 

nut casebeerer. 
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larvae of the last generation in the season do not niatme in the 
fall bnt after feeding for a time they le«ve tha nuts to constrnct 
their hibernation cases about the buds. 

The approximate times of uppoflranca of tl» AHfei'ent stages and 
activities of the pecan luit casebeai-er in noithern Flori(hi or southern 
Georgia are shown in figure 7. The periods will \'ary, h()wt"\er, 
according to tJie localitgr Mid ttie mtmn. 

Sprayinj: when the nnts are smajt, #o*iay after the fiif^t-gi>neration 
eggs begin to hatch, is the most eflfective method of dealing with this 




FiouiiB C— Clustor of nuts infested by the pecan nut cnsebearpr. 



insect. In southern Georgia, northern Florida, and Te.xas a high 
, degree of control has been obtained with two applications of a sjiray 
01 13 fluid ounces of nicotine sulfate combined with 3 quarts of 
mineral-oil emulsion (white- or summer-oil type), or witli 1 tjuiirt 
of fish oil, in each 100 gallons of water. In inajiy cfi»es ft single 
application has given as good results as two. 

Under the semiarid conditions in Texas, good control of the nut 
casebearer has resulted from spraying the trees with lead ai-senate 
, It a strength of 6 pounds in 100 gallons of water, confirming the 
I results obtained by the Texas Agricultural Experiment Station. Two 
Wications of spray were miicle in many of the exiieriuients, but a 
single properly timed spray application has been found effective. 
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Lead arsenate is injurious to pecan foliage luuler hiunid conditions, 
and this treatment is probftbly tttisftfe esee{rt in swniarid or arid 

climates. . 

For etfective control the spray applications must be acciinitely 
timed and must be made before many of the fii-st -generation hirvae 
have entered the nuts. This period is sliort and viii-ies with the 
mson and the locahty, but in general the s])riiying should he done 
soon after the nuts have formed and most of the tii>s, or stignms, 
have turned brown, Vfhich is usually late in May or early in ,liin«. 
If two applications arc made, they should be about a week ninirt. 

If it is necessiiry to use bordeaux mixture for the control of scab 
at the time when a sjiniy for the nut casebeai-er should be a]Dplied, 
nicotine sulfate may be used in combination with the fungicide. 

PECAN WEEVIL 

The pecan weevil {Curculio caryae (Horn)), often known as the 
hickory-nut weevil, is in some sections a serious obstacle to the 
production of pecnns. It is found whorevor tliere are {lecans or 




Figure 8.— Gnibs, or larvae, of tlK- potaii wfcvH wUIiin tlip nuts. 

hickory nuts in the eastoru half of the United State?, but the greatest 
damage to pecans ocrurs in the Piedmont of Nortli Caroliiui, South 
Carolina, Georgia, and Alabama, and in certain parts of Mississippi, 
Louisiana, and Texas. This insect often seems to be slow in becoming 
established in a locality but is very tenacious when once it does, and 
may cause increasing losses in an orchard through a period of yeai-s. 

Pecan varieties differ widelv in their '=n'-Te])tibility to attack by 
the weevil. The nuts of the" Stuart, Schley, and Kome varieties, 
which are the first to fill, suffer the heaviest" losses; other standard 
vaneties, which form kernels later, have been largely free from 
attack. ' ^ 

Naturk of Injury 

The first damage of the season occurs in midsummer, when adult 
puncture the nuts while they are in the "water stage," that 
IS, before the kernel has formed. Injured nuts arc often stained by 
jmce coming from the puncture. Tlicy develop dark patches on the 
surface, in a few days fall from tJre tree, and will be found to be 
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discolored and empty. The result of such an injury is similar to 
blaek pit, a conditicHi caused by the feeding of certain sucking insects 
(p. 12). The better known and more important injury caused by 
the pecan weevil is the destruction of nuts in the fall by the griibs 
or worms. The kernel may be entirely destroyed by the liu'vae, leav- 
ing only a black ijovv'dered refuse (fig. 8). 

In emerging from the nuts, the grubs make holes about one-eighth 
of an inch in diameter (fig. 9, A, b). Infested nuts on the tree 
(fig. 9, A, I; B, b) are m»de conspicuous by the fact that the shucks 
fail to separate from th^e Miell at the time normal nuts are opening. 

Seasonal History and Habits 

The adult weevil (fig. 10) is light brown or grayish in color, 
unless the scales ai-e rubbed oflp, when it becomes dark reddish brown. 




Figure 9.— Good pecan mits, with shucks oyenliig (a) ; luits infested with 
peoaii weevil, with shiuks remiiinhig cloned (6). Hole in second nut from 
(A, h) wlicre weevil grub left the nut. 

The beak of the female is half an inch long, or slightly longer tJian 
the body; the male's beak is about half as long as that of the female. 
On the lip of the beak are two minute teeth that make it an excellent 
drill. Ihe adult weevils are active in the trees from about July 
15 to September 20. 

_ As soon as kernels develop, whioh in the earliest varieties of pecans 
IS about beptcmber 1, the female weevils drill holes through well- 
hardened shells of either hickory or pecan nuts and place two to 
tour or more eggs (fig. n) in separate pockets through one iiuncture. 
llie eggs hatch in a week, and the grubs become full grown in about 
a month. Ihc mature larvae begin emerging from nuts the last of 
beptemher or the first of October, and about 70 percent enter the 
sou during this month, altliough they continue to do so until Decem- 
ber or Jwiuary. The larvae tlien forni cells 1 to 10 inches below the 
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qirface by pressing: back the surroiuHlin{i earlli. A heavy couiiiact 
nil is appai-eutlv more suitable than n saiuly soil, mul the larvae 
TO deeper in cultivated than in uncultivated soils. Pupation takes 
nlace in the bare cell the first oi- second Ml after the >rriibs leave 
themits, and the adult weevil forces its wsiy up throu<rh the jiioinul 
tlie following summer. 
The weevils appear in 
large broods every 
other year, smaller 
broods appearing in the 
alternate years. In 
most localities the heav- 
iest infestations have 
occurred during the 
even yeflrs-1932, 1934, 
etc. 

CONTBOL 

Jarring the trees dnr- 
ing tlie period of adult 
activity is the most sat- 
isfactory cont'rol for 
this insect. During 
August, before egg lay- 

ing begins, most of the yiovm'. 10.— Adults of the iiecan wtevll, iimlc nt loft, 
weevils arc Oil thclower fcmdlc at rlKlit. times nHtnrnl siy.c. 
limbs, and the grower 

need jar only those parts of tlic trees. Latei- the adult weevils 
are present throughout the trees, and jarring slH)uld then be more 

general. 

A dieet and a paddetl pole arc* required for jarring. The sheet 
should be about 15 to 30 lect long, dciicnding on the sprend of the 

biiinches, mid Inilf ns 
wide. Regular jiicking 
or harvesting sheets 
may be used for the 
purpose. The pole may 
be padded with a piece 
of automobile tire or 
simihir material. A 
!-ti ip of wood should be 
fastened at each end of 
the sheet to hold it open 
so that it can be carried 
by two men, who walk 
around the trees keep- 
ing the sheet under the 
outer brnnclies. A 
third man walks around 
near the trunk, striking the branches with the pole as the sheet is 
brought under them. One or two sharp raps on each limb arc sufli- 
cient. It will be necessary to climb high trees and jar each of the 
upper branches. The weevils that fall on the sheet can be mashe<l or 
put into a can of kerosene. 




Figure 11.— Eggs of the pecnn weevil in a i)eeau 
kernel. 3 times natural size. 
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Jarring can be done at any time of day, as the weevils do not 
fly readily. For thorough contTdl about six jarrings should be 
made during the season, starting the last of July or early in August 
The time intervals depend somewhat on rainfall, as the omem-euce 
of weevils is dependent on tlie softening effect of rain on the*' soil 
The frequency of jarring must be judged by results, for the greater 
the nnmD&r of weevils oa-ught tlie greater is the need of furtlier 
jarring. 

The nuts in weevil-infested 

orchards should bo harvested as 
early as possible, even though 
some of the weevils will have 
already left the nuts. Nuts that 
may be infested should be placed 
in tight-bottomed containers or, 
better, on a tight floor, so that 
the emerging grubs cannot reach 
soil and compJete their develop- 
ment. Later the good nuts can 
he picked out. 

It is best not to try to gi'ow 
varieties of pecans susceptil)le to 
the pecan weevil in the vicinity 
of hickory trees. Pecan weevils, 
as well as several other pecan 
pests, breed in hickory nuts. A 
grower will find different parts 
of his orchard affected to differ- 
ent degrees, and the same trees 
severely infested each yea r. 
Knowing the parts of his or- 
chard that suffer most, a grower 
can concentrate his efforts in 
those trees. As orchards become 
older, however, weevils become 
more evenly distributed, and lo- 
cal differences in degree of in- 
festation tend to di^f>|9@ttr. 

HICKORY SHUCK WORM 

During the fall a small white 
larva or worm (fig. 12), about 
three-eighths of an inch in 




I-'iouRK 12.— Larva of the liickory shuck 
worm in shuck of a nearly mature 
iwcau nut. Twice natural size. 



, . „ , . length, may be found mining the 

shucks of pecan and hickory nuts. This larva is commonly called the 
luckory shuck worm {Laspeyresia caryana (Fitch) ) . It is one of die 
most important pecan insects and frequently causes serious damage to 
the nut crop m practically every section of the pecan belt. During the 
summer and early fall before the shells begin to harden, the larvae 
destroy the nuts by mmmg and eating out tlie interior, often causing 
a condition similar to black pit (p. 12) and i-esulting in considerable 
Shedding of immature nuts in some seasons. After the shells have 
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hardened, the larvae mine or tunnel the shu< ks, preventin<^ the proper 
development of the nut kernels niul intortorin-;' with the natural sep- 
aration of the shucks from the shells. Nuts infested bv shuck worn>s 
are likely to be undersized and to nnituro l«t«r thuu tiioBe fi-ee from 
this pest, and the shell is often stained. 

This insect also feeds upon various siiecios of hickory, and th« 
injury is similar to that done to the pecan. Occasionally the hirviie 
are found subsisting on the galls formed by certain species of phyl- 
loxera (p. 21). 

Seasokai. History ano HAniTs 

In the northern parts of the pecan-growing region the shuck worm 
has one or two generations a yo«r; farther south it may have as many 
as five generations, according to the season. In northern Florida and 
southern Georgia the first moths, which develop from larvae that 
have spent the winter in fallen pecan or hickory shucks, l)egin to 




Figure 13.— I'upal skins of tlic hickory .slinck worm in-otrutlhir frwin slnicks of 

licciiii nuts. 

appear the middle of February, and tlic niiiximum emergence usually 
occurs during April. The development of the insect seems to bo 
timed for the development of the nuts of the pignut {Iliooria glabra 
(Mill.)), the mockernut {H. alba (L.)), and similar specioe which 
develop 2 or 3 weeks earlier in the spring than the pecan. Most of 
the spring brood of moths die before the pocan nuts have sot, and it 
is difficult to find a pecan nut infested with Uie hickory shook wonn 
before the middle of June. 

The moths, which are inconspicuous and rarely noticed in the 
orchard, deposit their small, whitish, flattened eggs on the shuck of 
the nut. Upon hatching, the tiny larvae gnaw their way into the 
green nuts. Until the shells harden, they work more in the interior 
of the nuts than in the shucks and cause many of the immature nuts 
to shed. Before transforming to the pupiil stagCj the larva prepares 
a small silk-lined cocoon and cuts a circular hole ni the shuck to per- 
mit the moth to escape. Just before emergence of the moth the pupal 
skin is extended a short distance through the circular cut (fig. 13), 
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the lid of whicli I'emains attached to the nut in a sort of trap-door 
arrangement. 

With each succeeding generation there is a very rapid increase in 
population of this insect. Tlie worms of tlie last generation, which 
attack the nearly mature nuts with hard shells, feed only on the 
shucks, in which they mine and attain full growth before cold 
weather. They pass the winter as larvae in the shucks on the ground 
or in shucks that remain on tlie trees. 

CO.VTROL 



No satisfactory control for the shuck worm can be recommended 
at tlie ])reeent tune. Considerable experim&ntftl work with various 




FiQUBE U.—A, Southern green stinkbugs; B, leaf-footed bugs. I'A times 

natural size. 



nisecticides has been carried out and is still being continued. Atten- 
tion IS also being given to sanitation methods, such as the disposal, 
during the winter months, of pecan shucks containing the larvae 
and plowing mdm- the shucks early in the spring. 

SOUTHERN GREEN STINKBUG AND OTHER PLANT BUGS 

Blaok Pit and Keenel Spot 

Black pit and kernel spot of the pecan are caused by the feeding 
ot sucking insects upon the immature nut. These types of injury 
are well known over the pecan belt and frequently become serious 
to an individual grower. They are found to recur irregularly in 
restricted sections, being abundant one year and practically absent 
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the following year. Both these troubles arc caused by the feedin-^ 
of the soutliern green stinkbug {Nezara vmdula (U))? t'lo '^'iii- 
footedbug (Leptofflosms phpUopus (Jj.)), and closely related spec-ley 
(fi(rs. 14 and 15). Certain si«*i}nw conditions are caused by the i)ecan 
weevil and the hickory shuck woniij discussed earlier in this bull^tiu. 

Black pit is a blackening of the interior of the green pecan. Ttic 
affected nuts always drop i)remiiturely. The niidsuninier drop often 
attributed to other causes is in some cases probably due to black pit 
caused by the feeding of these sucking insects. The allectecl nuts 
sometimes show brown or black spots or stains on the shuck, which 
often spread over the entire surfucc soon after the nuts drop. 

These sucking in- 
sects begin feeding 
about the time the 
nuts reach the water 
stage, or approximate- 
ly July 1, and cont inue 
until the nuts arc 
practically mature. 
However, the punc- 
tures made after the 
nuts have passed the 
water stage do not pro- 
duce black pit, but in- 
stead a condition 
known as kernel spot, 
which consists of dark 
brown or black spots 
on the kernels (fig, 
16). An affected ker- 
nel may have sereral 
spots varying in diam- 
eter from one-six- 
teenth to three-six- 
teenths of ati inch. 
Although the surface 
of the spot is dark, the 
internal part is whit- 
ish. The spots are 
pithy and porous and are decidedly bitter, but this bittcr taste is not 
imparted to tlie unaffected portion of the kcrne.1. This injury cannot 
be detected until the shells nave been rcmored. 

Seasonal Histwiy and Hamts of tme Southbrs CnaEK Stinkiwo 

, As the various plant bugs that cause black pit and kernel spot have 
similar habits, this account will deal chiefly with the southern green 
stinkbug. This bug is usually light green, although adults collected 
during the colder months are mucn darker, with a purplish or pinkish 
tinge. The adult is shield-shaped (fig. 15), which is the characteris- 
tic form of the members of the stinkbug family, and is about half an 
inch long. 

This insect passes the winter in the adult stage and often leaves its 
Winter quarters during periods of mild weather. The eggs are laid 




Figure 15. — Southern green stIiikbiiR on iiccnn nuts. 



1 
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in clusters of 36 to 116 on the under side of the foliage, from early in 
April until the middle of November. The immature bugs vary 
greatly in color pattern but have the general shape of the parent 
insects. It is probable that this species may develop four full gen- 
erations annually in the extreme southern jjortion of the pecan belt. 

The soutJiern green stinkbug is found through the southern tier 
of States from Scwith Carolina t>d California. It attacks a wide 




Figure 16.— Kcincl spots on Schley pecans. The upper and central views show 
the location of the spots on the ridges and edges of the kernels. The three 
lower views of kernels, cut through the spots, show the depth and extoiit of 
the Injury. 



variety of plants, including truck crops, cover crops, fruit trees, and 
numerous weeds. Certain members of the mustard family, such as 
radish, collards, and turnip, and several legumes, including cowpea, 
beggarweed, and Crotdaria or rattlebox, are preferred. These 
plants serve as breeding hosts, that is, the plants on which eggs are 
laid and the young develop. Pecan nuts are attacked only by the 
adult bugs which fly from the breeding hosts. The leaf-footed bug 
breeds on thistle, yucca, basketflowcr, jimsonweed, and cowpea. 
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AoiHCcnt to large iiekls of cowpens 
The sojbean and ccrtnin species of Crota- 



Ccwnioi. 

For the control of the southeni green sthikhng and other species of 
huffS that cause black pit and kernel spot, the growm- nuist depend 
rhieflv on the use of proper cover crops and intercrops, and on 
orchard sanitation. Insecticides, hand picking, a-ud trfcj) crojis have 
been found impractical in pecan orchards. 

In the past cowpens have been commonly usetl to provide humiis, 
but the cowpea is a favored host of the stinkbng and other plant hugs, 
and the Avorst outbreaks o-f kernel spot have been reported from pecim 
orchards planted to cowpeas^^or 
that have been cut for hay 
laria are unsafe to use 
for the same reason, 
and none of these 
crops should be 
planted in a bearing 
orchard. Fortunately, 
the velvetbean is prac- 
tically free from the 
attacks of this insect 
and therefore can be 
safely used among 
pecans. 

Pecan growers who 
do not plant summer 
cover crops of any 
kind should practice a 
system of cultivation 
to keep down ■weeds 
and native vegetation, 
T^"hich are likely to in- 
clude host plants, dur- 
ing the summer and 
m\y fa)). This dops 
not necessarily mean 
clean cultivation; 
disking the orchai'd 
two or three times 
should be sufficient. 

Many of the hibernating adults can be killed by thorough sanita- 
tion in winter. This applies to certain other pests also and is good 
orchard practice. Fence rows in particular should be clo«red. 

SPITTLE BUG 

The presence of a spittlelike, frothy snl)stancc on smsill pecan nuts 
and about the buds or tender growing shoots (fig. 17) during the 
spring and early summer sometimes causes concern to pecan gro\ver.s. 
This substance is produced by the young of one of the so-called frog- 
hoppers or spittle bugs, Clastoptera ohtusa (Say), w-hich snck the sa]) 
from the tender buds on newly formed shoots early in !May, and later 
from the nut clu.sters. The frothy masses presumably protect the 
young, or nymphs, and it is easy to see that they arc fairly well 
guarded against many of the smalW kinds of insect enwniee. 
ismsi'—io 3 




Fi€URK 17. — Pocftii nut <l\isU'r showliiK siilttlcllke 
siit)stancc prodiicwl by the spittle bug. 
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in clusters of 36 to 116 on the under side of tlie foliage, from early in 
April until the middle of November. The immature bugs vary 
greatly in color pattern but have the general shape of the parent 
insects. It is probable that this species may develop four full gen- 
erations annually in the extreme southern portion of the pecan belt. 

The southern green stinkbug is found through the southern tier 
of States from SoutJi Cifrolina to C«Hfornia. It attacks a wide 




FiorKE 16.— Kernel spots on Schley iiecans. The upper and central yiaws show 
the location of the spots on tise ritges and edges of the kernels. The three 
lower views of kernels, cut through the .spots, show the depth and extent of 
the injury. 



variety of plants, including truck crops, cover crops, fruit trees, and 
nunierous weeds. Certain members of the mustard family, such as 
radish, collards, and turnip, and several legumes, including cowpea, 
beggarweed, and Crotdaria or rattlebox, are preferred. These 
plants serve as breeding hosts, that is. the plants on which eggs are 
laid and the young develop. Pecan nuts are attacked only by the 
adult bugs which fly from the breeding hosts. The leaf-footed bug 
breeds on thistle, yucca, basketflower, jimsonweed, and cowpea. 
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1 CONTROI. 

For the control of the southern green stinkhuf? and other species of 
hiKTS that cause black pit and kernel spot, the grower must depend 
rhieflv on the use of proper coYcr crops and nitorcrops, and on 
orchard sanitation. Insecticides, hand nicking, suul trap croi>s Imte 
been found impractical in pecan orchards. 

In the past cowpeas have been commonly used to provide humus, 
but the cotvpea is a favored host of the stinkbufj and other plant l)U<j;s, 
and the woi-st outbreaks of kernel spot- have been reported from pectin 
orchards planted to cowpeas or adiacent to larjfe fields^ of cowpoM.s 
that have been cut for hay. The soybenn and certain species of Crota- 
Ima are unsafe to use 
for the same reason, 
and none of these 
crops should be 
planted in a bearing 
orchard. Fortunately, 
the velvetbean is prac- 
tically free froin the 
attacks of this insect 
and therefore can be 
safely used among 

I pecans. 

Pecan <;rovrers who 
do not plant summer 
cover crops of any 
kind should practice a 
system of cultivation 

^ to keep down weeds 

) and native vegetation, 
which are likely to in- 

( elude host plants, dur- 
ing the summer and 
early fall. This does 
not necessarily mean 
clean cultivation; 
disking the orchard Fioukk 17.— Ppcan nut fluster sliowlnj; splttlelike 
two or three times nulMitance produml by the spUtle bug. 

5 should be sufficient. 

Many of the hibernatin<r adults can be killed by thorough sanita- 
tion in winter. This applies to certain other pests also and is good 

j orchai-d practice. Fence rows in particular should be cleared. 

SPITTLE BUG 

The presence of a spittlelike, frothy substance on small pecan nuts 
and about the buds or tender growing shoots (fig. 17) during the 
spring and early summer sometimes causes concern to pecan growers. 
This substance is produced by the young of one of the so-called f rog- 
, hoppers or spittle hugs, ClaHtopfera ohtma (Say), whifh suck the saj) 
I iromthe tender buds on newly formed shoots early in May, and later 
I from the nut clusters. The frothy masses presumably protect the 
f young, or nymphs, and it is easv to see that they are fairly well 
guarded against many of tlie smalkr kinds of insect enemies. 

159984°— 40 8 
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CONTIIOL 

This species does not cause serious injur}', and ordinarily it is not 
necessary to sj^ray ayainst it. It lias been found, however, that while 
this insect is present under tlie spittlelike substance early in the sum- 
mer it is very readily killad with nicotine. If the trees are sprayed 
for the control of peoMi scab the middle of May, nicotine sulfate at 




Figure 18.— Injury to young buds in spring caused by larvae of tlie pecan leaf 

casebearer. 

the rate^of 1 to 1,000, or 13 fluid omices combined with each 100 gal- 
lons of bordeaux mixture, will control the insect. Where bordeaux is 
not being used, nicotine sulfate will give equally good results when 
combined at the rate of 13 ounces with summer-oil emulsion 3 quarts 
to 100 gallons of water. 

INSECTS INJURING THE FOLIAGE AND SHOOTS 
PECAN LEAF CASEBEARER 

The pecan leaf casebearer {Acrobasis juglandk (LeB.))^ has been 
reported from many localities on both pecan and hickory, but it ranks 



'Formerly called AerohasU pMiolelln RnR., and also erroneouslr ft««)«-n B% Am-ohasis 
ncoulella Uiley. 



AND DISEASES OF TWR PKCAX AMD THKIU CONTROI. IJ 



96 a serious pest of pecan only i» nortliern Florida and thu southern 
mrtsof Georgia, Alabama, Mississippi, Louisnnni, sind Texas. The 
most serious damage by this pest is clone early m the spring by tho 
Irmq which emerge from their wnitcr cases and feed voraciously 
Sthe unfolding buds and leaves (fi«s. 18 and 19). Badly infested 
mean trees are frequently kept in a drfotaited condition for weeks 
durW the spring by the attacks of this insect. Whun abuiuknt, the 
larvae may also attack the pis- 
tillate blossoms, greatJy re- 
ducing the yield. 

Seasonal Historv and Habits 

Only one generation of the 
pecan leaf casebwirer develops 
during the course of a ycnr. 
The small caterpillar is brown, 
but it soon changes to dark 
green. The full-grown larva 
measures a little over one-half 
inch in length (fig. 20) . Some 
ofthe larvae reach full growth 
by the last of April, but the 
majority do not mature until 
May or early in June. 

The larvae transform to pu- 
pae within their cnses (figs. 
20 and 21), spinning a flimsy 
km of silk over the free ends 
of th&ir cases just before pu- 
pating. The pupa (fig. 22) is 
a deep, shiny mahogany 
brown. The pupal period 
averages about 17 days. 

The moths make their ap- 
pearance from about the mid- 
dle of May until the first 
week in August, the greatest 
number beinir present during 
the latter half of June. They measure about two-thirds of an inch 
across the expanded \vin"s, which ai-e a mixture of gray md brown. 
The body is white or dusky gray. 

The eggs of the leaf cascbearer are deposited always on f he under 
side of the leaves, usually near the junction of the vein with tJie 
midrib. They hatch from a little after the middle of May until 
early in August, according to the weather. Throughout the summer 
and early fall the larvae feed very sparingly on the under side of the 
leaves, slowly buildinf; little winding cases (fig. 23), which afford 
good protection for them. Although they may feed for nearly 3 
months, or even longer, they rarely attain a length greater than one- 
sixteenth of an inch by fall. During the hitter part of September, 
or shortly before tJie leaves bj^in to m-op, the little larvae lenre their 
summer quarters and establish themselves around tlie buds, whew 




KiGUKK v.). Injury to follnKt' "nil (lowers by 
liirvao of the iwcan leaf casobfurer. 
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they construct small, compactly woven, oval cases known as hibar- 
nacula (fig. 24). 

Control 

Investigations carried on in Georgia have shown that the leaf 
casebearer can be controlled by spraying with calcium arsenate. 
Only one thorough application, early in July, is necessary. To 
prevent injury to the foliage or nuts, calcium arsenate should 
always be used with bordeaux mixture. Two pounds of calcium 
arsenate to 100 gallons of bordeaux is recommended. If a fungi- 
cide is needed for scab control at that time, the bordeaux mixture 
sliould be of the usual strength, 6-2-100, but on varieties that do not 
scab the strength may be reduced to 2-1-100, which is sufficient to 

prevent arsenical injury to pecan 
foliage. The spray should be thor- 
oughly applied to the under side of 
the leaves, where the larvae feed. 

BLACK PECAN APHID 

One of the most destructive de- 
foliators of pecan trees in many local- 
ities is the black pecan aphid {Mela- 
nocallis caryaefoUae (Davis)). It 
seems to prefer such varieties as the 
Schley, Alley, Van Deniaii, and Stu- 
art, whereas Curtis, Moore^ and 
Moneymaker usually escape injury. 
This aphid generally increases most 
rapidly during tiie season on pecan 
trees that have received a number of 
applications of bordeaux mixture, the 
infestation becoming especially no- 
ticeable during the latter part of the 
summer. However, in some seasons 
FiGUBB 20.-Larvn and case of and localities trees not sprayed with 
tJif pecan leaf casebearer. pordeaux mixture may become heavily 
Tvvlce natural size. infested. 

Nature of Injury 

Bright yellow leaf spots, roughly rectangular in shape, are the first 
signs of tte presence of the black aphid which sucks its food through 
a small puncture in the surface of a leaflet, apparently injecting a 
poison that destroys the chlorophyll. The spotted section of the 
leaflet is killed and eventually turns brown, and the presence of 
many feeding spots causes the whole leaflet to drop prematurely 
(fig. 25). The central portions of the trees are likely to show the 
first injury. Spotting of the foliage may be found as early as May, 
but usually it is August or September before extensive defoliation 
occurs (fig. 26). 

This premature defoliation has a direct eflect on the current 
pecan crop by cutting off the supply of plant food and thus pre- 
VMiting the proper filhng of the nuts, and it also has an adverse 
eflect on pi-oduction the following ye»r. 
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Seasonal History and Habits 



This insect passes tlie winter in the form of tiny black ep^s, which 
were laid in crevices in the bark by the last fall <reneration. In the 



spring 



the 



hatch and the 
aphids move to the 
opening buds and 
leaflets, where they 
feed until they be- 
come adults, all of 
which are winged 
females. The 
young aphids, about 
one-hundredth o f 
an inch in length, 
are pale green, bnt 
as they feed they 
soon turn a darker 
green. 

The full-grown 
aphid is about one- 
sixteenth of an inch 
long, exclusive of 
wings and anten- 
nae. The body is a 
very dark green 
witn a series of 
large black humps 
on tie back and 
sides. This aphid 
can jump with sur- 
prising agility. 




Figure 21. — LJirvae (it the vecan \<ttit ciwiclwnier In 
their cn.ses nnd Injury (hMie t" pecan I«atl(»tM. 



Dunng the growing season and until fall the adults produce living 
young, which move some distance from the mother before they settle 
iom to feed. As a result this species is not found in crowded 
colonies, as are many other plant lice. This aphid 
feeds on both sides of the leaves, though adults arc 
_ usually found on the lower surface. They prefer 

tjk hardened leaves and al-^o seem to prefer the snaded 
|M inner branches of the trees. 

t J About 15 generations of females follow one another 

through the season, each adult ])ro(lucing 75 to 100 
young. The aphids may thus attain enormous num- 
bers by the last of the summer, though they may Imre 
been scarce early in the spring. 




CONTRnl. 



Figure 22.— Pu- 
Pa of the pe- 
Mn leaf c.ase- 
''earer. 2% 
times natural 
size. 



The black pecan a])hid can be controlled by thor- 
ough spraying with nicotine sulfate (40 percent nico- 
tine) at a strength of 1 to 4,000 (3.2 ounces per 100 
gallons) combined with either bordeaux mixture, as 
used for the control of pecan scab, or with a snmmer- 
oil emulsion containing 0.5 jiercent of oil (2 quarts 
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per 100 gallons). Apliids are usually not present in sufficient num- 
bers to warrant spraying until some time in June, or until at leiist 
3 weeks after the second corer S]3ray for pecMi scab, which is ap- 
plied in j\Iay. The number of applications must be determined by 
each grower after careful observation in his own orchard. Special 
attention should be given to orcliards regularly sprayed with bor- 
deaux mixture, since such orchards are particularly susceptible to 

infestation by the black aphid. The 
results arc likely to be unsatisfactory 
unless the spray is thoroughly ap- 
plied to all parts of the trees. 

FALL WEBWORM 

Tlip insect noticed perhaps most 
conunonly in a pecan orchard, espe- 
cially late in the smnmer and in the 
fall, is the fall webworm {Ilyfhm- 
tria eimea (Drury) ) , which con- 
structs unsightly nests or webs over 
the twigs and foliage (fig, 27). 
Trees defoliated late in the summer 
produce poorly filled nuts and bear 
little or no cro[) the followiiuj; year. 
The spring brood of moths (fig. 28), 
which usually are pure white but 
sometimes have black or brown spots 
on the forewings, emerge in April 
and May. The greenish-white eggs 
are deposited in masses (fig. 28) on 
the leaves and hatch in about a week. 
Each colony forms a web in which 
all the caterpillars feed, eating the 
upper and lower surfaces of the 
leaves. Wlien they need additional 
leaves for food, they enlarge the 
web, which may become a foot or 
more across. 

The full-grown worms (fig. 27) 
usually measure a little more than 
an inch in length and are covered 
with long white and black hairs. On 
reaching maturity they leave their 
webs and transform to brown pupae 
in flimsy, hairy cocoons beneath riib- 
bisli on the ground, under the scales 
of bark, or just below the surface of loose soil. The moths of the 
first generation may appear by June 26, but most of them appear 
later in the summer. The second-generation larvae feed during the 
summer and fall. The insect passes the winter in the pupal stage 
in the cocoon. 

Control 

The fall webworms may be controlled by spraying with calcium 
arsenate or lead arsenate at the rate of 1 pound to each 50 gallons 
of spray when the caterpillars arc small. Bordeaux mixture should 




KiouBE 23. — Injury to lower surface 
of pecan leaf by newly hatched 
larvae of the pecan leaf case- 
bMrec 2% times natural size. 
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u to prevent injiuy to the foliage by the ai-senical When 
1 inSct is not abundant, it is more practical to remove the ).^hs 
£m ihe tiees with a long-handled tree pnmer or a long bamboo 
pole having a hook at one end. 

WtHJmVt CATERPILLAR 

In the South branches of pecan trees are often ^^^ff.i'^t^;,!, .^y^J- 

• <• thp walnut catwpillai- (Datatia tntegemma ((jr. and K.)), 
Si U n Full grow Is^blSkVith long Jiitish hairs and nearfy 
b^- Sniall pecan trees, especially nursery stock, arc son^- 
ine coSete defoliated,, and it is not uncommon to see Inrge 
Cches on bearing trees str pped of their f « 'age. 

Two generations of this uisect occur m the South. The moths 
tkt develop from over^vinteriug pupae emerge from April 15 to 
July 15 atS shortly lay eggs (fig. 29) in masses of from one to 
several hundred on the under 
side of the leaflets. The eggs 
hatch in a little less than a 
week. The young caterpillars 
are brownish, with stripes. 
At first they feed only on the 
under side of the leaflets but 
later devour the entire leaf ex- 
cept the midribs and tietiolos. 

The caterpillars feed in col- 
onies (fig. 30). When molt- 
ing, the larger ones invariably 
leare their feeding places and 
crawl to the trunk or larger 
limbs, where they shod their 
skins in a mass, which may 
adhere to the bark for several 
weeks or longer. After molt- 
ing tliey ascend the tree to 
continue their feeding depre- 
dations. When full grown, 
after a feeding period of 25 

days or more, the worms crawl i < 

down the trunk and immediately enter the soU to a depth ol a 
few inches. Hero in a day or two they transform to brown iMipae. 
Lisome localities a second generation of caterpillars feeds late m tlic 
summer and in the fall. 

CONTROI, 

AATiere the walnut caterpillar is a serious annual pest, the same 
spray treatment should be used as for the control of the fall webworm. 
When found massed on the tree trunks in the act of molting, the larger 
larvae may bo destroyed by crushing or by some other suitable means. 

PECAN PHYLLOXERA 

Tumorlike swellings or galls (figs. 31) occasionally appear in largo 
numbers on the lenTe% Imfjr^r"'", nuts, and .succulent shoots of both 




Figure 24.--Wliitor eases of tiio peoan leaf 
pnsfl)caiiT around « pet<«« bud; 7 times 
tiiitural si/.»'. 
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native and improved varieties of llie pecan. These galls are formed 
by tiny insects knoipni *is phylloxera, which are cfosely related to 
aphids. Ecports of phylloxera injury have eome from practically all 
sections where the pecan is grown, but severe damage is most prevalent 
in Louisiana, Mississippi, and Arkansas. 

One of the most destructive spe- 
cies found on pecan is the pecan 
phylloxera {Phylloxera devastairix 
Pcrg.). It may attack any part 
of the current season's growth, in- 
cluding leaves, leaf and leaflet 
stems, twigs, and nuts. The attack 
of this insect causes the twigs to 
become malformed, devitalized, and 
finally to die; foliage is lost, nuts 
attacked are deformed and drop, 
and nuts growing on attacked twks 
drop i^rcmaturely or fail to ml 
properly. In extreme eases entire 
limbs may die. Pecan varieties 
vary greatly in their susceptibility 
to attack by phylloxera; Schley, 
Stuart, and Success are' especially 
liable to injurj. 

The young insects, barely visible 
to the eye, first appear in the spring 
on the unfolding buds, where tliey 
insert their beaks and begin to feed. 
This stimulates the growth of a 
gall, which soon envelops the in- 
sects. The developing galls are 
green to yellow green, occasionally 
tinged witli red; mature galls are 
brown or blaek. The gall-Duilding 
insect develops to maturity within 
the gall and then deposits eggs in 
large numbers tlierein. These eggs 
liatch into young nymphs, which 
develop into mature winged forms 
within. Then the gall splits open 
into several sections and releases 
them, usually by the last of May or 
the first of June. The species hi- 
bernates in the egg stage in pro- 
tected places on the branches. 




Figure 25.— Pecan leaflet injured by 
the black pecan upliid. 



Control 



Satisfactory control has been ob- 
. . . tained with spray mixtures con- 

taining 13 fluid ounces (slightly more than three-quarters of a pint) 
of nicotine sulfate to 100 gallons of water with the addition of one 
of the following: 4 pounds of potash-fish oil soap, 2 quarts of lubri- 
oating-oil em'^Won, or gallons of liquid lime-sulfur. The spray 
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FiGCBE 26— Pecau trees showing premature defoliation ciiusod by tlic blaek 

pecan aplild. 




FiQURE 27. — Web and caterpillars of tlie fall webworm. 

159984 40 4 
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fiouKE 28.— aioth and egg muss of the fall 
webworin. Twice imtural size. 



should be applied late in the 
dormant period up to the time 
wlieu the swelling buds show 
about half an inch of gTeeii. 
The combiuatiou of nicotine 
sulfate with lime-sulfur has 
given the best results and is 
recommended for use against 
severe infestations. For light 
to moderate infestations either 
of the other combinations 
should prove sufficiently effec- 
tive. It is essential that all 
applications be thorough and 
that all parts of the trees be 
covered by the spray. None 
of these combinations has 
caused any injury to the trees 
in any test in which they have 
been used. 

PECAN CIGAR CASEBEARER 

The pecan cigar casebearer 
( GoJeophora cary ac foliella 
(Clem.)) sometimes inflicts se- 
rious damage on the buds and 
foliage in pecan orchards during the spring monthsj although it is 
usually considered a pest of minor importance. This insect also feeds 
upon hickory and black walnut. It is distributed over a wide range, 
extending from Florida to the western border of Texas and as far 
north as New Hampshire, but the greatest damage to the pecan is 
along the Gulf coast. 

The insect hibernates as a partly grown larva in its case, attached 
to the trunk of tlie tree or a large Rmb. As the buds of the pecan 
open, the hibernat- 
ing larvae become 
active and attack 
them, continuing to 
feed on the foliage 
(fig. 32) until about 
the middle of May 
(in Florida) , when 
they become full 
grown. There are 
several generations 
during the growing 
seiison. 

COSTEOL 

In pecan orchards 
in which arsenical 

spraying is regularly ^,^^4^ ^a-Egg mas. of the w.alnut caterpillar, 
piacticed, the cigar 2% times natural si/.e. 
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QPbearer is rarely a source of trouble. If this insect l)Oeomes 
Zndant in the spring, calcium ai-senatc sliould be used at the rate 

f 2 Douuds to each 100 gallons of spray, with bordeaux mixture to 
prevent injury to the foliage by pie waotecwl'. 

PECAN BUDMOTH 

The pecan budmoth {Gretchena lo^Vwna (Sling.)) is primarily a 
hiid feeder and in attaekin«? the teruinial buds in i)eean luirseries or 
nnTOun<r orchard trees it causes a stunted f^rowth as well as cxeessive 
branching. In bcaiing orchards it is rarely troublesome. 

This insect pa^s the 
winter in the adult stage, 
a gray moth with blackish- 
brown patches and streaks, 
ivith a wing expanse of a 
little more than half an 
inch. As soon as the buds 
open, the moths begin to 
lay eggs, at first on the 
brancles near the buds, 
but later on the leaves. 
The larvae feed about 2.") 
days. The pupae usually 
are formed in rolled-up 
leaves or infested buds, 
but occasionally they can 
be found under bark scales 
or at the crown of the tree. 
Several gonerations oeeur 
each season. 

CONTEOL 

As a nursery jiraetice it 
is strongly recommended 
that the trees be given 
thorough cultivation and 
fertilization, as vigorously 
growing trees in the nurse- 
ry usually unfold their 
terminal buds so rapidly 
that the larvae do not have 
time to inflict serious dam- 
age. 




FiGURK 30.— Colony of walnut caterpillars on 
on pecan twig. 



Spraying with calcium arsenate durinj!; the spring and sunnner, 
^'ith bordeaux mixture added to prevent injury to the foliage by t-iic 
arsenical, will help materially in holding this pest in check. As there 
are several generations of this insect, and as the trees are growing 
continuously during the spring and summer months, four or five 
applications should be made at intervals of 3 or 4 weeks. Xnrsery- 
roen sometimes make four or five applications of bordeaux mixture 
for the control of nui-sery blight, and where the budmoth Ijeeomes 
^enous in nurseries calcium arsenate may be combined vith the 
fungicide. 
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MAY BEETLES 

May beetles or June bugs {Phyllophaga spp.) are often reported 
as seriously defoliating pecan trees in the spring while the leaves and 
shoots are growing vigorously. Small trees surrounded by uncul- 
tivated land sustain the worst injuiy. The beetles feed at night; in 
the daytime they lie hidden just beneath the surface of the ground. 
These insects are well known from their habit of flying to lights. 
The beetles or adults (fig. 33) are from one-half to three-fourths 

of an inch long, robust, and 
usually rich brown in color. 
They lay their eggs in the 
ground, and the larvae, 
which are the well-known 
white grubs, feed in the soil 
upon the roots of plants, 
particularly grasses. Two 
years or more are required 
for larval development. 

CONTBOL, 

The control of ^lay bee- 
tles on pecan trees is diffi- 
cult because of their i-esist- 
ance to poisons and the 
large numDers in which they 
sometimes occur. In recent 
experimental w o r k in 
northern Louisiana control 
Avas accomplished by heavy 
applications of lead arse- 
nate (with a corrective to 
prevent injury to foliage) 
early in the period of flight. 
In the case of small trees 
the beetles may be hand- 
picked or shaken onto sheets 
on the ground at night, and 
destroved. 

especially in sod land, they 
are seldom injurious in well-cultivated orchards unless close to uncul- 
tivated land. Fields in the vicinity of orchards are a source of 
infestation, but if the soil is plowed as often as once a year the May 
beetles ai^ irtiMkely t© become very numerous. 

PECAN CATOCALA 

A caterpillar occasionally found destroying pecan foliage in the 
spring_ is the catocala {Catocala viduata (Guen.)). When abun- 
dant, it is capable of doing considerable damage by stripping the 
leaves until only the petioles and stems remain. 

Tlie insect jMisses tiie winter in the egg stage. The eggs are de- 
posited by the moths on the under side of bark scales in the fall. 
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^, uof^l, in tlip snriii"-, and the cnterinllai's tVinl on the folia-re 
?^^n^ the mil - an l early summer. The catcrpiUars, which 
ivo^ to a en..th of 21/0 to 3 inches (fig. 34). Whwi ro«dy 
TtSo^m, tl^e larvae construct ruther Himsy cocoons in which to 
pupate. The moths be- 
linto appear the latter 
part of June and may 
continue to emerge un- 
til fall. 

COKTSOL 

This insect rarely be- 
comes sufficiently abun- 
dant to require special 
control measures. 
However, if it does be- 
come a s^ious pest, it 
may be controlled by 
applying arsenical 
sprays when the cater- 
pillars are small. In 
some cases the arsenical 
may be combined with 
the bordeaux mixture 
applied for scab control 
in the second cover 
spray, in May. 

GREEN LEAP WORM 

Small spiny-lookinjr 
worms, leaf green in 
color, appear on pecan 
trees in some sections 
of Louisiana at about 
the time the pistillate 
bloom appears and by their feeding give tlic leaves a shot-holo 
appearance. The holes are very small at first, hut larger ami larger 
ones are made as the worms derelop. This worm, called tlio 




KiouKB 32.— I'ei iiii lc-iiv«>s Uijuml by iHi viic ot the 
pecan vXftr ca»ol»eiirer. 
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ViGvm 3g.— Adult MHy beetles. Nutural siaw. 
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green leaf worm, is the larva of a sawfly technicallj- known as 
Isodyctium sp. 

The adults, which are small, beelike insects about one-fifth of an 
inch long, emerge from the ground in April and deposit small pale- 
green eggs in the tissue of new tender leaflets. 

"Wlien newly hatched the larvae are about one-tenth of an inch 
long, and when full grown they are about five-eighths of an inch 
long. They generally feed on tho under side of the leaves and when 
not feeding usually rest along the outer margin on the lower leaf 
surface. When they are through feeding, the worms enter the soil 
to a depth of 1 to 3 inches, where they construct earthen cocoons in 
which to spend the winter. 

Spraying with ar- 
senicals as for other 
leaf-chewing insects 
has been found effec- 
tive against this spe- 
cies. The sprays 
should be applied 
w h e n t h e. pistillate 
bloom is first present. 

INSECTS INJURING 
THE TRUNK AND 
BRANCHES 

OBSCURE SCALI 

Several species of 
scale insects have been 
found attacking pe- 
cans, but the obscure 
scale {(jhTnj^omiphalui 
dbscurus ( C o m s t.) ) 
appears to be the only 
one that is of wide- 
spread importance 
(fig. 35). This spe- 
cies is an important 
pest of both native and 
unproved varieties in 
Texas, Louisiana, Ar- 
kansas, and Mississippi, and may be found to a lesser extent in other 
parts of the pecan belt. It also attacks oak, hickory, and other trees. 
It appears to be a more important pest of bottom-land than of hill- 
land orchards. 

The obscure scale attacks all parts of the tree except the leaflets and 
nuts. It tends strongly to begin development on the lower, inner por- 
tions of the tree. Often one or more of the main leaders and their 
branches, or one side of the tree, is almost completely encrusted while 
the remainder of the tree shows only a slight infestation. The great- 
est injury comes from the gradual killing of branches less than 3 
inches in diameter. Larger branches are seldom killed, though they 
may be weakened to such an extent that they will not produt* nuts 
normally, if at all. The slow, progressive killliia ^ji iniest«l branches 




FiQUitE M. — Full-grown larrae of the i)L'caii catocola. 
Natural size. 




Seasonal IIistoky asd Habits 

This insect bcloufrs to a proup called scale insects from the fact that 
their soft bodies are protected by scalelike covprin<rs. The colol•ln}^ 
of this particular scale closely re.spmblps that of the bark on which it 
rests. The cover of the adult female averages about one^eighth inch 
in length and one-tenth inch in width and narrows slightly from 



30 



FARMERS' BULLETIN 1S29 



front to rear. The cover of the aduU male is oval and about half the 
size of that of the female. 

This insect has but a single generation each year, and its entire life 
with the exception of the brief crawler stage and the short active life 
of the adult male, is passed under the protection of the scale covering. 
The purple eggs are pushed out, a few at a time, into the cavity left 
beneath the scale cover by the retraction of the last body segment of 
the female. They hatch in a few days, and the newly hatched 
minute, salmon-colored young, or crawlers, settle beneath the cover 
of their parent or of some old scale, or on the exposed surface of a 
limb or twig. Crawlers emerge in considerable numbers from about 
the middle of May or a little later until early in Aufjust. As soon as 
the crawlers settle, they insert their beaks and begin to form their 
wascy scale coverings. From this time on the female is stationary, 
never changing her position. 

Control 

The application of a lubricating-oil emulsion during the donnant 
period of the trees has been found the most effective control measure 
against this scale insect in Louisiana. Tests have indicated, however, 
that dormant pecan trees are especially susceptible to injury by oil 
sprays. Even at strengths as low as 3 percent, oils have under some 
conditions injured pecan wood. Applications made very early or 
very late in the dormant period have caused more injury than those 
made in midwinter. Weak, slow-growing trees are much more sub- 
ject to injury tlian are vigorous trees. If the trees to be sprayed are 
in a weakened condition, not more than a 2-percent lubricating-oil 
emulsion should be used recardless of the degree of scale infestation. 
A 3-percent emulsion should be used for control of scale on healthy 
pecan trees. 

FLATHEADED APPLE TREE BORER 

The flatheaded apple tree borer {GJirysohothris femorata (Oliv.)), 
a destructive pest of young deciduous trees of many kinds, attacks 
young pecan trees wherever they grow. The injury results from the 
tunneling of borer grubs in the bark and sapwood of the trunk and 
larger branches. The first part of the tunnel is in the surface bark; 
then as the grub grows it gradually penetrates to the cambium and 
makes a burrow half an inch or more wide in the surface of the wood. 
Trees 2 inches or less, in diameter may be girdled and killed, making 
it necessary to replace or rebud them after a seedling shoot grows up. 
Larger trees are more or less weakened, and the presence of one 
borer in a tree often leads to further attack. 

Active flatheaded borers disclose their burrows by pushing a brown 
powder out of cracks in the bark, and they may cause sap to flow 
out and make whitish stains on the surface. There may be a dark 
sunken streak over the burrow, and after some time, possibly not 
until the burrow is vacated, the bark sinks and cracks considerably- 
Borers usually begin work on the south or southwest side of a tree 
trunk, and most of the injury is found in that quarter. 

Two factors make for the abundance and dcstructiveness of flat- 
headed borers in the pecan orchard, the Weakening of trees from any 
cause and the proximity of other host trees. Unthrifty trees or 
young tre^ that have boen headed high or have been injured in cul- 
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tivation, by cold, or by sun scald are more subject to injury tliiin 



Kici-RE no.— Adult boctU' of tlic llat- 
Iii'iKletl niiplo trw liorcr. 8'^. 
times naturiil sAym. 

Beetles like to siiu tlieinselvcs 



infestation. Tlie first 2 or 3 years 111 
the life of an orchard are the nio«t 
critical as regards borer infestation, 
because of the inevitable setback due 
to transplant ing. Trees a re part icu- 
larly susceptible to borers if there i« 
asliortage of rain the first year after 
planting. 

SEASO*fAl HlSTOKY AXD HABITS 

The adult l)ectles may be found in 
pecan orchards from spring to late 
fall, but they are most numerous 
during May and again in August 
and September. The beetles (fig. :iG) 
are about one-half inch long, flat- 
tened, metallic in appearance, and 
dark gray on the back so that Avhen 
they rest on a tree their color blends 
ivith the bark. The under siu'face of 
the beetle is of a bright cojiper color 
nn tree trunk'^ but qui< kly fly away when disturbed. They lay tlieir 

eggs throughout the suninier 
oil sun-exposed parts of the 
tree trunks in small cracks 
in the bark, or often in an 
old borer injury or a prnn- 
ing rut. The tiny grubs 
hatch and burrow into the 
bnrlc, widening; and deepen- 
ing their tunnels as they 
grow (fig. 37). It appears 
that the weaker the tree, that 
is, the less activo the growth, 
the quicker the griib goes 
down to the cambium layer 
to tunnel and feed . 

The crciuny-wliite borers 
are readily recogniized by the 
greatly enlarged nnd flat- 
tened head, which contains 
strong muscles to operate the 
wood-tearing mandibles or 
jaws. At maturity the borer 
. — — — IS about an inch long. A 

year or more is required for 
apple tree borer 111 the trunk of a voiiiiK J, , , , j „„ ^ 

DPcan tree. Note the piiim at the end of tl^e development from egg to 
the burrow. adult. 
1.50084—40 5 

^ J. 
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Control 



The most important measure for preventing injury is the main- 
tenance of vigorous trees by planting, tlie orchard in fertile soil and 
following approved horticultural p|»0tices as regards cultivation, 
fertilization, and conservation of soil moisture. Newly transplanted 
trees should be given the best possible care, in order that they may 
become well established as quickly as possible. Injury to trees in 
cultivation is partly responsible for wood-borer attacks and should 
be avoided. Sources of infestation in the vicinity of the orchard 
should be eliminated as far as practicable. No prunings of any 
kind should remain in or near the pecan orchard during the spring 
and summer. 

IVfuch of the egg laying can bp prpventpd by wrapping the trunks 
with heavy paper or burlap, which should extend from the ground 
to the branches and should bo tied at tlie top and mounded with earth 
at the bottom. The wrappers should be in place from March to 
November, as eggs may be laid at any time during this period. Low 
heading of the trees and permitting shoots to grow up from the base 

to shade the trunk as much as 
possible also reduce the amount 
of egg laying. 

"When trees are infested, the 
borers should be removed with 
a knife. The wood should be 
cut as little as possible, as un- 
necessary cutting in live wood 
causes the bark to dry and in- 
vites further infestation by in- 
sects. The knife blade should 
be held flat against the tree and 
worked along the course of 
the burrow, the edges being 
trimmed later. The removal of 
bark and f rass from the deeper 
part of the burrow is believed 
to hasten healing of the wound. 
The deeper parts should then 
be painted with a prepared 
pruning compound or with a mixture of 1 part of creosote and 3 parts 
of coal tar, to keep the Avood from drying until the bark can heal 
over. Young trees should be examined at least once a year, prefer- 
ably in March or April before mature borers emerge; and if the 
in»6t«tion is heavy, later examinations should follow during the 
Slimmer for grubs overlooked the first time. 

RED-SHOULDERED SHOT-HOLE BORER 

The red-shouldered sliot-hole borer {XyloUops hmilare (Say)) 
makes small, round botes iw the bark of pecan and dflier trees (fig. 
38). It attacks only trees or parts of trees that have been severely 
injured or are dying. Injury caused by severe drought or cold 
predisposes trees to attack by this insert. Several other similar 
species work on devitalized trees; some of them feed only on the bark 
md m tlve cambium region, while d^m^ go deep into the heartwood. 




FiQUKE 38. — Exit holes of ad«l.t beefles of 
tbe red-jshouldered shot-b(^ bopCr. 
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Pnntrol of these borers lies in keeping the ti-ees in :\ healthy condi- 
]SZd reducing as far as ixissible sourcos of uitoslation near tho 

orcliart^- ^^j^ girdler 

Most pecan growers are familiar with the twin; girdler {On(4iif7r» 
dZhth (Say)), ^vhich cuts off, or prunes, pecan (wigs dnrn,- the 

rrniner and early fall. Tiiis beetle has a ^VKle range and at- 
tSs « kinds of deciduous trees, althovigh in the South it seems 
to confine its attacks far the most part to i)ecan, hickory, and per- 

the beetles are abundant, tliey may do much damage by 
OTPrin-r branches. It is not nncommon to sec the gromul under 
pecan or hickory trees literally covered with twigs, many bearing 
Esters of maturing nuts, that have been cut off by the beetles, and 
hviiis often accumulate in the treetops in consi)icuous bunches. I lie 
cuttin<' off of the tips of the branchos rechiccs greatly the frnitmg 
area 0I the tree for th^ following year Mid spoils tho symmetry of 
tlie tree. Pecan nurseries ad- 
jacent to a badly infested terri- 
tory often suffer serious losses 
from the girdling of the terminal 
shoots. 

Seasonai. History Awm fl\min 

The beetles (figs. 39 and #0) 
range in length from one-half 
to five-eighths of an inch, and 
are grayish brown with a broad 
pale belt over the back. The 
antennae, or feelei'S, arc very 
loiifr. 

The booties, which begin to 
appear in pecan orchards tho 
last of August or early in Sep- 
tember, girdle the branches to 
provide proper conditions for 
the development of the lar\'ae, 
which are unable to subsist on 
wood containing sap. The cut extends tliroiigli the bark and well 
into tlie wood, leaving only a small portion of the heartwood un- 
touched (fig. 40) ; later the weight of the In-Hnch or the wind usually 
causes it to break off. The eggs arc deposited in the severed por- 
tion of the twig. The lar\-ae, which are whitish, legless grubs, make 
little growth during the fall or winter months, but with the return 
of warm weather in the spring they grow very rapidly, making tun- 
nels in the twig. Usually only 1 'year is required for development 
of the insect, though some larvae do not transform until the second 
season. 

CON'TBOI. 

This pest can be controlled bv gathering the severed branches and 
burning them in the fall or winter. Care should be exercised to 
•collect all branches on the ground as well as those lodged in the 
trees. l}y foUowinjj; this procedraro all eggs and la-rvue tlir*t wOiikl 




Fioum: Adwlt. <ir \>v«tl», of the twig 
Rirdlfr. H tiiiu»s imturul slzo, 
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otlieiAvise develop into beetles the following summer will be destroyed 
and the source of infestation eliminated. It is also well to destroy 
the severed branehes from the liiekory and persimmon trees near 
oommereial plantings of pecftus, since ttie insect breeds abundantly 
in such locations. 

PECAN CARPENTER WORM 

The pecan carpenter worm {Oossula magnifica (Strecker)), 
sometimes termed "the cossid borer," tunnels the sound wood of 
pecan, hickory, and various species of oak, fur- 
nishing a place for rot fungi to enter. This 
species is known only in the Southern States 
and is rarely abundant. 

Trees infested with this carjienter worm may 
be recognized by a pile of coarse i-eddish pel- 
lets at the base of the tree. In the trunk some- 
where above the pile is the enti-ance to the lar- 
val burrow, a hole about the size of a lead 
pencil, closed with four tough flaps. 

Eggs are laid by moths on small pecan 
branches in the summer. Upon hatching, the 
larvae bore into and mine successively larger 
branches (fig. 41). In tiie fall each half- 
grown larva moves dow and bores into the 
tnmk, going straight in for about 1 inch and 
then making another shaft 8 to 10 inches long 
parallel to the grain. The full-grown larva is 
about 11/4 inches long and has a thick, pink 
body and a shiny head. Late in the spring it 
changes to the pupa, and the moth appears in 
May or June. 

CONTEOL 

The carpenter worm may be killed by inject- 
ing one medicine dropper full of carbon disul- 
fide into its burrow and closing the hole »t 
once with a wooden peg, moist clay, or similar 
iimtepiftl. 

TERMITES 




FiouHE 40. — The twig 
eirdler: a, Beetle; 6, 
Itrral mines In bark 
and outer wood ; c, 
girdling work of 
adult. 



Pecan nursery stock and small trees are 
sometimes killed by the feeding of termites in 
the roots. Tliese insects arc known popularly 
as white ants or wood lice. They usually live 
in dead wood and are most i'ikely to cause 
injury when pecan trees are planted on recently cleared laud, contain- 
ing stumps and dead roots. Affected trees may not show any indica- 
tion of injury until tiiey arc damaged beyond recovery, and tneii t-hey 
die very suddenly. 

Termites (fig. 42) burrow and feed entirely away from light, and 
their attacks on pecan trees are underground. Pecan seedlings and 
budded trees 1 and 2 years old will be found with the taproot or its 
branches tunneled (fig. 43), sometimes only a shell or bark remain- 
ing. The feeding may extend an inch or so above the ground level 
inside the trunk with no evidgitae friUft tl* ow^Me. 
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When planting the nursery or orchard, care should bo taken to 
nr vent termite infestations by sehH-tin- huul thnt is free from doad- 
Eod Recently cleared land should not bo used for pecan uiiti (lie 
dead roots and stumps have been removed. It is also advisiiblc to 
w annual crops oh the laud for 1 or 2 years l>ofore he trees are 
nknted Only termite-resistant stakes should be placed by nevvly set 
E These may be of iron, heart pine, or wood trostod w ith ciw- 
sote Most untreated woods in contnct 
with earth become infested with ter- 
mites, and the insects then may spro«d 
to the trees. 

NATURAL ENEMIES OF PECAN INSECTS 

If it were not for the activities of 
numerous enemies which prey upon the 
insect pests of pecan, their control 
would be much more difficult, if iiot im- 
possible, Ainoiif^ these enemies arc 
many species of birds, small mammals, 
spiders, and a number of insects that 
prey upon other insects. In the last 
group are such predacious insects as 
ground beetles, ladybird beetles, many 
species of stinkbugs, the larvae of syr- 
phus flies, aphis lions, and many others 
that capture their prey and either con- 
sume it outright or suck the body fluids 
from it. Another group includes sninll 
wasplike insects and flies, which are 
true parasites of other insects. Most 
of these lay their eggs in or on their 
victims, the yoiuig parasites developing 
from these eggs living at the expense 
of the insects attackecFand fin»Ily kill- 
ing them. 

A number of efforts have been made 
to utilize natural enemies in the control 
of insect pests. In a few cases the. in- 
troduction of a parasite of an insect pest luis boon followed by a nat- 
ural increase in the parasite suffici(>nt to bring about remarkable 
reductions in damage. Those sucfe^ses, however, have been accom- 
plished chiefly with introduced insect posts that have not been accom- 
panied by the enemies which hold thein in chock in the country where 
they originated. Practically all the insects that are imjiortant jiests 
of the pecan are of American origin and either attacked the pecan 
originally or transferred to it from some native food plant, and para- 
sites have already had full opportunity to i<oacli their ina.xiinum 
effectiveness. 

During the period 1930-35 intensive investiijations wore carried on 
at Albany, Ga., with an egg parasite of the nut caseboaror and 
sfiTCial other species of pecan insects, which lays its eggs within tho 
of its victim. This parnsite, culled Trickoffrmnma imnMhmi 




FiGUUK -11. — Liirviil Inirrow of the 
pecan ciiriieuter worm in a iie- 
can twig. 
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Hiley by the entomolofjists, attacks the eggs of many different kinds 
of insects, and is already ^-enerally present, at least in small num. 
bern, in or near most pecan plantin<rs. It can be propagated in enor- 
mous numbers on the egj^s of the Angoumois <rrain moth, a common 
pest of stored grahis. In the course of these experiments large num- 
bers of Triehof/fainma were liberated in pecan orchards, but they 
gave little practical control of pecan pests. 

Although further studies are being made of the natural enemies of 
pemn insects with the expectation of taking all possible advantage 
of available i^jiressive agencies, it is unlikely that natural enemies 

will be found that will 
eliminate the necessity 
for >praying or the ap- 
plication of other con- 
trol measures. 

DISEASES OF THE 
PECAN 

INTRODUCTION 

Diseases of pecans 
were of little economic 
importance prior to 
1900, because pecan 
growing as an industry 
was new at that time. 
Rosette was the first 
disease to attract atten- 
tion, but the concern it 
caased lunong growers 
was relieved when its 
noninfectious n a t u r e 
was experimentally es- 
tablished. Later scab 
made its appearance in 
commercial plantings, 
at first attacking only 
one or two important 
vai ieties. Scab is now 
by far the most destruc- 




KiuuRE 42. — Tcnuites : «, JIatuie 
inaturt «t«a^r.s. 



buluiers ; 6. 



tive disease with which pecan gi'owers have to contend, and it is 
increasing in importance from year to year. Other diseases, such as 
downy spot, vein spot, leaf blotch, brown leaf spot, and liver spot 
cause serious damage to the foliage in some localities in the southern 
l)ecan belt, whereas other diseases known as nursery leaf blight, 
gnomonia leaf spot, and crown gall are generally of le.ss importance. 

In i-ecent years growers have used greater chseretion in planting 
new orcliards. Gi'eater attention has been given to the selection of 
suitable sites and to the selection of varieties with regard to disease 
i-esistance. In many old orchards varieties highly susceptible to 
disease have been top worked to more resistant varieties. Even so, 
today, with the possible exception of rosette, the enrlier-known pecan 
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jj eases are more severe than formerly. Scab now attacks a g 
mimber of varieties imore severely tluin foi'incrly, o\vin<r to a 
distribution of the dim«-ent strains of the fun-^ 
The downy spot, veni spot, leiif blotch, brown leaf spot, and 
i (jiseases were of only minor imi)ortance corlier, bnt d 
Lmi years they have assumed greater importance. Wide 
semination of the causal organisms and lack of tree vigor 
crowding and nejjloct account for 
some of the diseases becoming 
more serious in late yeai-s. 

Most fungi that cause diseases of 
the pecan also attack the closely 
related hickories, and a few or- 
ganisms causing pecan diseases 
were first reported on hickories. 
It is not known whether these or- 
ganisms were originally hickory 
or pecan parasites; nevertheless, 
the pecan now seems to be a favor- 
able host of the various fungus 
parasites capable of attacking the 
hickory group of trees, of wliicli 
the pecan is the most important 
nut producer. 

DISEASES DUE TO SPECIFIC 
ORGANISMS 
SCAB 

The fungus causing pecan scab 
{Cladosporivm effumui (Wint.) 
Demaree) is becoming more nrcv- 
alent each year in the liumia sec- 
tions of the pocaii-growiiig region 
and is gradually extending into 
the newer pecan areas where con- 
ditions are favorable for its 
growth. Since the disease is one 
of the principal limiting factors 
in pecan-nnt production, its con- 
trol is of prime importance to this 
new and growing industry. Some 
of the leading commercial varie- 
ties are highly- suscepfible to in- 
fection. In iiiany localities scab 
annually causes a heavy loss of the 
"op in unsprayed orchards of 
some of the otlierwise best commercial \'arieties, such as Schley, Del- 
mas, Alley, Pnbst, Van Deman, and Success. Observations and ex- 
periments indicate that there are strains or races of the pecan scab 
fun" - - - - - 




FiOL'BK 4.'!. Injury to roots of iicc-aii 
nursery stock by termites. 
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mnne, are now known to be susceptible. It is ])robiible that new 
strains of tlie fungus capable of attacking varieties formerly not 
susceptible have develojied in recent years. 

The fungus causing pecan scab may attack the leaves, shoots and 
nuts. Infections i-esiilt in elongated or circular brown or black 
lesions one-eighth to one-quarter of an inch in diameter. At first the 
spots may a]ipear slightly raised above the surrounding host tissue 
but later may be smiken, especially on the twigs and nuts. Spots 





Vmtam 44.— fecnn s;cali on lemf, ailj»»l;, and unit. 

that ap])ear as the tissues age are fewer, smaller, and more nearly 
circular t han those occurring early in the season. The lesions ocour 
chiefly along the veins of tlie leaves, and the earliest on. the nuts 
occur along the ridges (fig. 44). If alDundant, the spots on the nuts 
may unite and form irvegnlar black blotches or become so numerous 
as to blacken the entire surface. Severelv infected nuts may drop 
]n-ematurely, or they may die and remain attached to the shoots for 
several months. 
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Frequent April rains and cloudy weather favor e»rly spring infeo- 
tions. Under such conditions, initial infection mfty occur prior to 
tie middle of April in the latitude of southern Georgia. The ]>ri- 
maiy lesions produce copious new crops of spores as favorable weather 
conditions happen, and by the latter part of April or the first week 
in May many secondary infections tak(^ place. The young leaves are 
fr!ttreme.ly susceptible to infection while tlicy are unfolding and 
developing but become more resistant as they grow older. As soon 
as the leaves are fully grown and hnve taken on a dark-groen color, 
tliey are highly resistant. Tlie nuts are sugceptible until almost fully 
grown, but only the tender, vigorously growing pcartmm of the new 
shoots are subject to attack. 

The fungus is carried over from one season to another in the 
lesions on shoots, shucks, and leaf stems. Under favorable weather 
conditions in April and May, the dormant fungus within the last 
year's scab spots becomes active and produces spoi-es that infect the 
new leaves, shoots, and nuts. 

Rainy periods or late afternoon rains which keep the leaves and 
nuts wet continuously for 12 to 18 hours make a condition very favor- 
able for germination of the spores and Infection of the plant tissues. 
Dew may also bring about this condition ; it is important at least in 
spreading the spores from a lesion to healthy tissue. Leaves and 
nuts must be wet over a period of 4 to 6 hours for infection to take 
pkce; therefore, short showers followed by sunshine seldom cause 
any spread, A period of 6 to 10 days elapses from the time the 
spores germinate, through infection of the tissues, to the firet visible 
evidence of the scab sjMts. 

DiSTKIBVTION AND BCOVOtl&iS Mi0»Kr JUICE 

Pecan scab is widely distributed throughout the Southern States. 
It was first found on hickory in southern Illinois and has since been 
reported from Virginia, North Carolina, South Carolina, Georgia, 
Florida, Alabama, Mississippi, Louisiana, Tennessee, Arkansas, 
Texas, and Oklahoma. The disease causes most damage in the terri- 
tory embracing northern Florida and the southern portions of Geor- 
gia, Alabama, Mississippi, and Louisianft. In this i-egion the dis- 
ease not only attains its gi-eatest degree of destnietirenoss hut also 
attacks a greater number of varieties than elsewhere. In the north- 
ern half of Georgia, Alabama, Mississippi, Louisiana, and eastern 
Texas the disease has not yet become serious except on a few very 
susceptible varieties, and it is rarely found in the drier parts of 
iKas. The fungus does not thrive so well in the more northern 
wid western pecan districts as along the coast because of loss fre- 
I^Ji^t rains, lower humidity, and sparse plantings. 

Most varieties are susceptible to scab; but in a section where the 
fungus thrives, infection depends on whether or not there is a strain 
or race of the fungus capable of attacking the variety grown. Sus- 
ceptible varieties may appear immuiip for a limited period in isolated 
orchards, or even over extensive areas, and later succumb to the 

!lT ^ suitable strain of the causal organism is introduo«d 
Ma becomes established. The various strains are becoming more 
uniformly distributed in areas where woatlier conditions favor t-lie 
development and propagartion # tibe fungus. 
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SPEAYI>'G 



A large number of spray materials, including home-made and 
proprietary compounds of sulfur and copper, have been used in pecan 
scab control experiments during the past 20 years. Lime-sulfur 
solution and other compounds of sulfur have given good results in 
moderately infected orchards or when used during seasons of light 
rainfall but have proved ineffective when infection has been severe. 
Home-made bordeaux mixture is the most effective and dependable 
fungicide so far tried. It is made of copper sulfate, hydrated lime, 
and water. A 4-1-100 bordeaux mixture — i pounds of copper sul- 
fate, 1 pound of hydrated lime, 100 gallons of water— applied early 
in the season when the catkins are appearing and the first leaves are 
about one-half grown, followed with three or four applications of 
6-2-100 bordeaux mixture, has been recently suggested as the stand- 
ard spray to combat scab and other fungus diseases of the pecan. 
(See spray program, p. 70, for tipe of application and complete 
spray schedule.) . 

Spraying can be done earlier than was previously recommended 
without undue injury to the young foliage or to the pollen, provided 
a weak mixture is used. There is a distinct advantage in spraying 
early, because the foliage and shoots when young are in the most 
susceptible stage for infection. If they can be effectively protected, 
much of the primary infection is prevented from which secondary 
infections spread to the leaves and nuts. 

In spraying to control scab tlie first two applications are most im- 
portant in protecting the new shoot growth and the upper and lower 
surfaces of the new leaves from infection. Unless scab is poorly 
controlled, the slioots should be relatively free from scab lesions after 
the first season of spraying, thereby reducing sources of inoculum 
most effective in starting the earliest spring infections. When there 
are no shoot lesions to contend with, it should be much easier to con- 
trol scab by following the program of sanitation and spraying 
recommended. 

The third and fourth applications are most important in protecting 
the nuts against infection, because by the time they are made the first 
leaves will have matured enough to be resistant to scab. However, 
besides scab, there are usually aphids, leaf spots, or the leaf case- 
bearer to control with these applications, so the leaves will have to be 
sprayed as thoroughly as with the first two applications. 

Although bordeaux mixture furnishes pecan foliage and nuts with 
by far the best protection against infection by the scab organism of 
any fungicide tried, the fact must not be overlooked that the spray 
may have two undesirable effects upon pecan foliage. 

(1) AppIi<3ations of bordeaux mixture on pecan trees during mid- 
summer m most sections of the southern pecan bdt are followed by 
an increase in the population of bkek pecan aphid. TTie aphids may 
increase to the extent that it is necessary to include nicotine sulfate 
with the bordeaux mixture to avoid serious foliage injury from t^^I"; 
(For information about combating the black pecan aphid, see p. lo-) 

(2) Serious injury, characterized by burning or yellowing ap" 
dropping of the leaves, sometimes has occurred when bordeaux mix- 
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hire has been used during periods of soil-uioisturc deficiency. Appli- 
iitions of bordeaux mixture during i>eriods of dry weather seem to 
accentuate injury from drought. It is also true that fungi do not 
thrive well under dry conditions. Therefore, under droughty condi- 
tions it is best to discontinue spraying with bordeaux mixture »t 
l»st until rain threatens. 

ORCHARD SANITATION 

Ordiard sanitation ru jiecan-disease Gontrol has for its ohjectirc 
the disposal of all orerwinteriug sourc«8 of fungus inoculum as com- 
pletely as possible, 
in order to prevent 
early leaf spotting 
the following season. 

The scab fungus 
lives t b r o u gli the 
winter in i u f e c t c d 
shoots, shucks, and 
leaf stems. Fre- 
quently the infected 
shucks of the previ- 
ous year cling to the 
shoots all winter; the 
old lesions beAr 
spores and become 
important sources of 
inoculum early the 
following spring (fig. 
45). All such shucks 
should be removed 
from the trees before 
the beginning of the 
growing season, as 
they are potential 
sources of inoculum. 
F ungi that cause the 
various leaf spot dis- 
eases, such as vein 
spot, blotch, liver 
spot, and othei-s, live 
over winter in the old 
diseased leaves, and 
the importance o f 
disposing of such 
infected material 
cannot be over em- 
phasized. 

An effective method of disposing of the fallen shucks, leaves, and 
w stems is to plow them under with a turn plow, which places the 
"iiected material so deeply beneath the surface that it is not dragged 
out by later cultivation. Some gro\vers who own or control extensive 
j^creages of pecans claim that it is not practical to use the tnrnidow; 

use instead the disk harrow, which will cover most of the debris. 
|» inter cover cro[)s growing in an orchard will necessitate altering 
we sanitation methods suggested, as undoubtedly it will be more »d- 




PiGiHE 45,— The previous year's infected shucks often 
remain attached to the xhoots over winter and be- 
came a source of inoculum for the young leaves the 
following spring. Note the scab leKions on the younj; 
leaves nearby. PhotoKi-aplied April 27, 1987. 
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vantageous to tree growth and nut i)roduction to allow the cover crop 
to grow to maturity than to plow it under earlier on account of 
sanitation purposes. 

If the sanitation methods are to be effective, the early plowino- or 
disking should be completed early in March before the opening of 
the leaf buds. To lessen the scattering of spores from the infective 
material during the period that the young leaves are specially sus- 
ceptible, further cultivation should be discontinued until after the 
leaves are protected with the second application of spray material. 
If harvesting from diseased trees is done on sheets, much inoculum 
can be eliminated by removing from the orchard the old leaves and 
shucks that fall on these sheets. 

There is no known metliod of destroying the overwintering scab 
fungus on the shoots. Doi-mant sprays of strong solutions of copper 
sulfate and lime-sulfur have been tried with little or no success. 
Summer spraving with bordeaux mixture, however, will largely pre- 
vent shoot iniaction. 

REI^TIVE SUSGMTIBIUTT TO SCAB OF COMMBICIAI, VARIETIES OF PecAN 

More than half of the commercially important varieties of the 
pecan planted within the region of the most frequent rains, i. e., a 
narrow belt along the Gulf coast about 50 miles wide from Lafayette, 
La., to Tallahassee, Fla., can be classified as very susceptible to scab 
infection. 

North of the Gulf coast area a lesser number of varieties are at 
present attacked. In this area, generally, the most susceptible are 
Delmas, Georgia, Schley, Alley, and Pabst. High humidity and fre- 
quent rains are apparently not the only factors that influence the 
endemic nature of the disease; others, such as the preponderance of 
certain varieties in a locality, time and length of rainy period, the 
presence of suUable strains or races of the scab fungus, age and size 
of orchards, and distance between orchards play important parts in 
favoring the prevalence of the disease. 

The following is a list of the most generally known pecan varieties 
listed in the order of their susceptibility to scab from very susceptible 
to resistant : Delmas, Halbert, Georgia, Burkett, Schley, Alley, Pabst, 
Van Demau, Success, Frotscher, Moneymaker, Mobile, Moore, Nelson, 
Curtis, Teche, and Stuart. I 

DOWNY SPOT 

Downy spot {MycosphmrelU caryigenu (Ell. and Ev.) Demaree . 
and Cole.) is a leaf disease of pecan widely distributed throughout 
the southern pecan belt. It first appears during the latter part of 
May or the first of June as white or downy spots on the lower side 
of the leaves. The white spots are composed of innumerable small i 
spores or conidia of the causal fungus (fig. 46, A). The spores are \ 
readily washed away by rains, leaving inconspicuous greenish-yellow ' 
spots about one-eighth of an inch in diameter. The affected leaf 
tissues do not die until the latter half of the summer, when the spots 
change to brown (fig. 46, B) ; the spots may then be seen on the upper 
sioe of the leaves. There is considerable variation as to the suscep- 
tibility of different varieties to attack by the fungus Of the com- 
mon commercial varieties, Delmas, Moneymaker, Stuart, and Frot- 
scher are the most readily attacked. 
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The fungus causing downy spot li-nes over ^Yinter in the diseased 
leaves from the previous year. The spores are expelled by the fruil- 
ing bodies of the fiin<j;us durin^r rainy periods in March, April, and 
May, at which time the younfj; leaves are infected, but the first evi- 
dence of the disease does not begin to show plainly until a month or 
0 weeks latar. 

Control 

Inasmuch as the spores of the caussil organism may he liberated 
during the period of rapid foliage development in April, a spray 




m?rl' """y t'l" P^^*^^ '• ^ t*»® e'rly staKo of the disaaxp tlio 

n tiriT!*'"'!*;''"^' c«"«ed by the iMr«m)0B (rf ijiBmnerahle whit« spores; U, 
lae latter half of the snmmcr tlie spots Chung* to a tatiwn color. 

should be applied some time during that period to furnish the maxi- 
"um protectu)]). One application of 4 1 100 bordeaux mixture made 
M iA^f ^i^P'''"^' '^''^"•■'^ pollination, f<.ll<)^^•ed by an application of 

^-iUU bordeaux mixture between the middle of May and the middle 

oune, will prevent the downy spot disease. 
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VEIN SPOT 

Vein spot {Gnomonla nerviseda Cole) and liver spot are two dis- 
eases of pecans commonly found in the southwestern but not in the 
southeastern section of the pecan belt. Both diseases are prevalent 
in Texas, Louisiana, Arkansas, and Mississippi, but vein spot ranges 
farther south than liver spot. (For description of liver spot see 

p. 48.) ^ , 

The resemblance of vein spot to scab lesions on the leaves is so 
striking that the two diseases are easily confused. The spots char- 
acterizing both diseases are dark brown or black in the final stage, 
and both originate on veins. The lesions of the vein spot disease 
are of two shapes; spots originating on the very small veins are 
circular or oval and seldom attain a diameter of over one-fourth of 
an inch; spots found on the larger veins and leaf stems are long 
and narrow, sometimes extending from the base to the apex of a 
leaflet. The fungus apparently invades the leaf tissues only a short 
distance on each side of the vein, except that it has_ a tendency to 
follow the lateral veins a short distance from the infected larger 
ones (fig. 47). 

If the petiole or rachis of the loaf is severely affected, the leaflets 
and frequently the whole leaf drop prematurely or the petioles of 
the leaflets become girdled causing tlie leaflets to die and hang on 
the tree for a time. The fungus is aggressive and attacks vital tis- 
sues of the leaves; premature defoliation follows moderate to severe 
infection. The Van Deman, Frotscher, and Stuart varieties appear 
to be more subject to the disease than are many other commemally 
important varieties. _ .... 

The life history of the fungus causing the vein spot disease is simi- 
lar to that of most other fungus parasites of pecan foliage. It lives 
through the winter on the fallen leaves and forms spores that are 
discharged into the air during early spring, and the new leaves are 
inoculated during April. 

COKTBOL 

Vein spot usually can be controlled commercially by spraying 
once before pollination with Ijoideaux mixture 4-1-100, followed 
by one or two additional applications of bordeaux 6-2-100. The 
second fipplication should be made as soon after jiollination as pos- 
sible and the third 3 weeks later. For the present it is recommended 
that the same orchard sanitation and black pecan aphid control be 
followed as discussed under pecan scab (p. 40). 

LEAF BLOTCH 

Leaf blotch {Mycosphaerella dtndY&ides (Cke.) Demaree and Cole) 
is a disease of pecan loliage that was first observed in 1923. Gradu- 
ally extending its range of distribution, it is now found in practi- 
cally every pecan nursery and orchard in northern Florida and the 
southern part of Georgia, Alabama, Mississippi, Louisiana, and east- 
ern Tex»s. The first conspicuous sign of leaf blotch is the appearance 
of brown or greenish-brown velvety tufts of spores on the under 
surface and faint yellowish spots on the upper surface of the leaves. 
Somewhat later small pimplelike structures appear among the tuits 
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and often extend beyond their limits. The spores are 




FlQUBE 47.— Characteristic nppeniaiice of a iK-ciin loaf attacked by the vein 
spot fungus. Tlie discoloration is coiiWncd stricUy to tlm midribs and reins 
of the leaflets and to the petiole. 



These small, black, pycnidial structures usually are arrauf^ed in 
groups or clusters of various sizes riinj,nng from that of a pinlicad to 
one-quarter inch or more in diameter. Less frecjueutly they are scat- 
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tered. The spots may be few in number on a leaflet, but more fre- 
quently they are numerous and crowded and coalesce to form large 

blotches that may involve a 
large portion or the entke leaf 
surface (fig. 48). 

The disease is first found in 
late June or early July on the 
older leaflets and may gradually 
increase imtil all mature leaves 
are spotted or killed. On 
nnrsery trees the disease first 
appears on the lower leaves, but 
as the season advances the up- 
per leaves are also attacked. 
Defoliation follows severe at- 
tacks and progresses from the 
lower branches upward until 
the first of November, when 
only a few of the youngest 
leaves remain. Within its geo- 
graphical range, blotch is often 
the most prefalent of the fo- 
liage diseases on orchard and 
nursery trees and causes much 
premature defoliation. 

Control 

The blotch pathogene is a 
weak parasite and does not 
readily attack young or vigor- 
ous orchard trees or older trees 
that are growing in fertile soil 
and are given cultivation. 
Trees lowered in vigor from too 
keen competition for water, ni- 
trogen, and other food-forming 
elements are more severely at- 
tacked by the disease. Over- 
crowding or neglect, and allow- 
ing weeds, grass, and brambles 
to overrun the orchard predis- 
pose the trees to thisi disease. 
In such crowded, neglected, or 
poorly cared for orchards the 
disease spreads rapidly, and by 
the middle of August the effi- 
ciency of the foliage is im- 

f)aired and a month or 6 weeks 
ater is totally destroyed. Bad- 
ly affected trees may lose their 
are unable to manufacture suffi- 
and to build up the 




FiGunE 48. — Pocan leaf blotch. During 
this stage the spots are made up of 
many small black pimplelike bodies. 



leaves early. Without foliage they 
cient food materials to fill the luits properly 
reserve necessary to set a crop the following year 
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The blotch disease is easily controlled. One or two applications 
of bordeaux mixture in May and June will furnish protection for the 
foliage for the remainder of the 



sejson. 

BROWN LEAF SPOT 

Brown leaf spot (CeTCO!^v<>m 
jma (Heald and Wolf) Rand) 
is one of the most common leat 
diseases of the pecan and is dis- 
tributed throughout the pecan 
belt. A pecan leaf with the 
characteristic markings of 
brown leaf spot is shown in 
figure 49. The spots have cir- 
cular to irregular outlines and 
vary from one-eighth to one- 
half inch across. They are 
usually reddish brown, but the 
older spots often become gray- 
ish and develop concentric 
zones, 

This disease rarely appears 
before the first of July, a«d 
only mature leaves are readily 
attacked. The spots _ may in- 
crease in number rapidly after 
midseason, and frequently cause 
total defoliation by the first of 
October. 

Although the Stuart and 
Moneymaker varieties arc 
among the most susceptible of 
those commonly grown, no va- 
riety has proved to be immune 
or highljr resistant when the 
orchard is subjected to adverse 
growing conditions. Like 
blotch, the fungus of brown 
leaf spot often becomes estab- 
lished in orchards where the 
trees are low in vigor. Foliage 
of trees badly affected with ro- 
sette is frequently spotted with 
the brown leaf spot disease, 
mien rosette is overcome on 
cadly alTected trees by treat- 
ment with zinc sulfate, then 
eaf diseases such as brown 
eaf spot or blotch becomes 
less prevalent or disappear en- Figuke 49. 
tirely. 




-Browu leaf spot of pecan. 
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CONTEOL 



Young, vigorous pecan orchard trees, especially if on good soil 
and cultivated, seldom if ever become badly diseased with brown 
leaf spot. 

The disease can be con- 
trolled easily. One appli- 
cation of bordeaux mix- 
ture any time during ilay, 
June, or July will effect 
good control. The best 
protection is obtained 
when the spray is ap])lie(l 
about the middle of June. 

LIVER SPOT 

Some years a disease 
known as liver spot, caused 
by Gnomonia naryae Wolf 
var. pecanae Cole, does 
consiaerable damage to 
]Decan foliage in central 
Mississippi, the nortliern 
half of Louisiana, south- 
ern Arkansas, and eastern 
and central Texas. The 
disease first appears dur- 
ing May and June as dark 
brown circular spots one- 
eighth to three-eighths of 
an inch in diameter on the 
lower surface of the leaf- 
lets and mainly along each 
side of the midrib (fig. 
50). In September and 
October the color of the 
spots changes from a tan 
to cinnamon brown, and at 
about the same time small, 
dark, spore-bearing bodies 
appear in the center of the 
spots. Leaflets having 
several spots will fall dur- 
ing September or October. 
Duringseasons when 
weather conditions are fa- 
vorable for numerous in- 
fections, severe premature 
defoliation occurs. 

The fungus causing the 
liver spot disease survives 
in a semidormant condi- 




FiGUHE 50. — Pecan leaflet showing early stages 
of liver spot. 



tion during the winter months on the fallen leaves, but upon return 
of moist warm weather in the spring it renews activity and produces 
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a new crop of spores, which inociilnte \mves of the current yours 

^The foli'i'^e of stronp, vi<rorous trees is noticeftbly more resistant 
tn ittack tlwn that of trees whose vi<xor has been unpiured by the 
mkening influence of keen competition by weeds and grasses for 
moisture and nitrogen. 

Control 

The disease may easily be prevented by the use of a good fungi- 
cide One apphcatiom of bordeaux mixture, 6-2-100, any time dur- 
ing May, preferably after the middle of tho mont4i, will furnish very 
satisfactory protection to the foliage. 

POWDERY MILDEW 

The powdery mildew fungus, Microaphueria aim (Wallr.) AVint., 
forms a white superficial growth on both leaves aiul nuts of tlio 
pecan. It appears during May. June, and July, esiJecially in sea- 
sons of considerable rainfall and high humidity. Because of its habit 
of coating the leaves and nuts with n white powdery growth, it 
frequently causes growers some ooncern. Usiiallv infected nuts 
develop normally without evidence of injury, but occasionally 
damajie is done to the most susceptible ynnety and seedling trees 
in the Piedmont section of Geor<iia. Severe attacks that result in 
a reduced size of nuts and shriveled kernels arc comparatively rare. 
The Pabst is the most susceptible of miy of the more oommonly 
grown varieties. 

COSTBOI. 

Control measures are seldom necessary. The disense has never 
been known to api>ear in an orchard where a fungicidal spray has 
been used to prevent other disensos. A sprav applied whtn tli© 
mildew first appears will prevent further sproiia. 

NURSERY BLIGHT 

Pecan nursery blight, caused by Sphaoeloma sp., is a leaf disease 
of young nursery trees and i-arely occure in orchards. It is widely 
distributed throughout the southern iwrtioii of the pecan belt and 
is of considerable economic imnortance in pecan niii-series in wet sea- 
sons, when it causes severe defoliation. Pre an seedlings badly affected 
with nursery blight make little growth and sometimes are too small 
for budding at the end of the second year's growtli wh<m most tre<« 
should be large enough to hud. 

. The disease first appears in April as small reddish spots on both 
sides of the leaves; later, the color of the spots on the upner surface 
turns gray. Spots are most abundant along the veins or the margins 
of the leaves. The dead leaf tissues become brittle and break out, 
leaving in'egiilar ragged margins and perforations (fig. .51). Single 
spots are seldom more than one-eighth of an inch in diameter, but 
two or more spots may unite. Although late-season infections 
n>^y occur at any point on the ui>j>er sui-face, they are most com- 
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Nurserymen . , 

applications of bordeaux 



monly found along the midribs and larger veins, as illustrated in 
figure 52. 

rONTKOL 

who spray to control this disease make four or five 
bordeaux mixture at intervals of 3 or 4 weeks. The 
first application sliould be made 
soon after the fii"st leaves hate 
JL> formed and before infections have 

MWm begun. 

GNOMONIA LEAF SPOT 

Tlie gnomonia leaf spot {Gno- 
monia dispora Demaree and Cole) 
is another pecan disease of minor 
importance occasionally observed 
in Florida and the southern part 
of Georgia. It first appears in 
June as a small, inconspicuous 
brown spot with no certain diag- 
nostic features. The spots may 
enlarge to one-half inch or more 
in diameter and become almost 
black. The shape of the spots 
varies from circular to greatly 
elongated. The most distinguish- 
ing characteristic of the gnomonia 
leaf spot is that aifected are?is are 
frequently confined to a narrow 
space between the lateral veinlets. 
forming a long, narroAv, dead area 
(fig. 53). The disease has not be- 
come serious enough to justify the 
use of control measures. So far 
it has been found only on rosetted 
ti'ees, which suggests that the fun- 
gus causing the spots is a weak 
parasite. 

WOOD KOTS 

Wounds made in top-working 
and pruning pecan trees and those 
from other causes, such as careless 

sun 
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-Nnrsery blight 
pecan leaflet. 



cultivation, winter injury, 



scald, and windstorms, are all pos- 
sible points of entrance for wood-rotting fungi. The hot, humid 
climate of the Southern States favors the rapid development of these 
fungi, and unless wounds are protected from infection and cared for 
so as to aid healing, it is very probable that fungi will gain entrance 
and endanger the life of the entire tree. 

Stubs should not be left in pruning; wounds should be made flush 
with main branches or the body of the tree to allow the wounds to 
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, 1 ,nvo niiirklv ( fi"'. 54). Care should be taken iu remoring limbs 
Sow tt'Vto^^pUt^r to tear hark This dnngor ,vill_bc 
tided if the branch is cut nearly half through from the under side 
first and then finished from 
above. An alternative is to saw 
tlie limb off, leaving a stub, and 
thai remove the stub. 

Entrance of wood-rotting 
fund into wounds can usually 
be prevented by painting the 
cut surfaces carefully and thor- 
ouglily with some antiseptic 
tree-wound dressing. There 
are seteral tree-wonnd paints, 
dressings, or protect ives sold 
under various trade names that 
may be purchased, most of 
irhichliave asphalt, tar, or veg- 
etable gum as their base. A 
home-made paint used exten- 
sively on pecan with good re- 
sults is made of 1 part of com- 
mercial creosote to 3 or 4 i)arts 
of coal tar. The creosote in 
this compound may cause slight 
mjury to the cambium. The 
injury can be prevented by first 
piinting the outer edge of the 
■ffound or cut surface with a 
band of shellac so as to cover 
the bark, cambium, and the ad- 
joining sapwood. The wound 
should be painted immediately 
after it is made, unless sap is 
floiving, and repainted annual- 
ly thereafter until completely 
healed.' 

CROWN GALL 

Crown gall {Bacteriumtume- 
fadm Smith and Town.), as 
the name implies, is primarily 
a disease causing enlargements 
on the lower extremity of the 
trunk or roots at or below the 
ground line. A typical speci- 
men of crown gall is illustrated 
in figm'e 55. Crown gall has 
been considered of minor im- 
portance, because galls have not been commonly seen. Orchards in 
Widely separated areas are known to be budly infected, and nmny 

'For further Information on trpntinent of treo wcfuihIs, »»# Fanners' Rull»tln 172l(, 




FiGUiiE — IVcaii nursery l)Iij,iit as it 
often appears on mature Icallcts. 



Treat: 



■nent and Care of Tree Wounds. 
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trees in those orchards have extremely large <^alls that doubtless do 
damage. The disease is most commonly seen on young trees as they 
are dug from the nursery. Nursery trees should be insi)ected before 
planting, and those having definite galls should be discarded and 
burned. The disease may be spread from diseased to healthy trees by 
means of cultivating and"^ propagating tools. Therefore, trees should 
not be scari-ed with harrows or the galls cut iuto with budding or 
grafting knives. 

DISEASES DUE TO NUTRITIONAL OR ENVIRONMENTAL FACTORS 

ROSETTE 



111 its earliest stages, or on slightly affected trees, rosette is indi- 
cated by » slight yellowish mottling of the leaves, particularly in 




Figure 53. — Gnomonia leaf spot on pecan. Delimitatiou of tlie sijots by tlie 
leaflet veins Is characteristic of the disease. 



the tops of the trees. In more advanced stages the leaflets are 
slightly narrowed and crinkled. When the trees are severely affected 
the leaflets are extremely narrowed, with either reddish-brown areas 
or perforations between the veins. New shoot growth is checked, 
the internodes are shortened, and the foliage is bunched, resulting in 
a rosetted appearance. The name of the disease is derived from this 
characteristic. In the final stages of the disease the shoots die back 
from the tips. Usually the dying back is confined to the current year's 
growth but sometimes extends to branches of considerable size. Se- 
riously affected trees rarely bear nuts, and those borne may be small. 
The early spring foliage on badly rosetted trees is often abnomally 
large and develops earlier in the spring than the foliage of normal 
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Fioi'HK r>-l. — Wound niiule b.v rp- 
uioYiil of a law Iiiiil>. SiK-Ii 
wounds Iwal uioro readily If 
the cut Is made almoM tUwli 
with the triuili. 



trees, probably because of the pruning 
jects of the dieback. Symptoms of 
the disease on moflei-Htely or badly 
affected trees become more iiroiioiniml 
as die season advances, and by Octo- 
ber or November the trees appear at 
their Avorst. The foliage of ailected 
trees in the more advanced stages lias 
a rusty or bronzed api>earance, esix;- 
cially when viewed from a distance. 

All varieties and wild seedlings will 
show the disease if they are growing 
on certain types of soil, especially if 
under cultivation. The Stuart, Van 
Deman, Frotscher, and Delmas are 
perhaps the most susceptible. Of the 
varieties resistant to rosette only the 
Moneymaker is of outstiindiiig merit. 
The disease is found in all pecan- 
growing States from Maryland to 
California. Trees affected with ro- 
sette are rarely found in the mi- 
thinned native pecan forests along the 
rivers in Texas and Louisiana, but the 
disease frequently occurs, and usually 
in a very serious form, when these 
native stands are thinned and jiut in 
cultivation. The disease also frequently occurs in orchards in the 
calcareous upland soils of these States. 

For many years it has been suspected that pecan rosette was asso- 
ciated in some way with soil oo*lttiti«lis Mid orchard practices. The 

following soil condi- 
tions arc most com- 
monly associate<l witli 
rosette: Calcareous 
so i 1 s, sa n d y 1 o a m, 
loamy sand, and deep 
sandy soils extremely 
deficient in organic 
matter; eroded soils 
having little or no 
surface soil remain- 
ing, and relatively fer- 
tile soils (hat have 
received deep and fre- 
quent cultivations or 
excessive applications 
of fertilizers, es|iccial- 
ly nitrogen, or of lime. 
A large percentage of 
r o s c 1 1 e d trees are 
found in young or- 
chards ranging be- 

tween the ages of 5 

FitoKE STj.— Crown kuHS mi (k^b iiHi*»r.v irtte. and ISyoftrs which a-re 
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intercropped annually to cotton, corn, or peanuts. There is also an 
association of widespread but temporary appearance of rosette fol- 
lowing droughts. . , , , ■, r 1 * ^ 

There are compafatively few orchards entirely tree from the 
rosette disease. Those that are, grow in deep, loamy, uniform soils, 
or are those used as pastures. 

XKEATMwn: With Zinc Sulfate 

On soils readily susceptible to improvement rosette may be reme- 
died, but slowly, by consistently following an orchard-management 
program that includes: (1) Turning under cover crops annually, or 
adding other organic matter such as manure, leafmold, swamp mulch, 
or cane pomace; and (2) limitino; the amount and depth of cultiva- 
tion to that necessary to keep down weed growth, and to prepare 
a seedbed for planting cover crops. _ 

Although the fundamental cause of rosette is not definitely known, 
recent investigations indicate that the disease is in some manner 
closely associated with a deficiency of zinc in the affected trees. Zinc, 
in the form of zinc sulfate, supplied in such a way that rosetted trees 
absorb it, results in a prompt improvement. This new treatment 
gives promise at the present time of providing pecan growers with a 
cheap and quick" ftjetliod of entirely eliminating this disease from 
their orchards. . i , 

Three methods of applying the zinc sulfate have been tried and 
foui^ eiiective. 

son. AFPUCATIO;; 

Tlie application of zinc sulfate to the soil around rosetted trees is 
effective princimlly on trees growing in neutral, acid, and sandy 
alkaline soils. Trees growing on heavy textured soils that are ftlka- 
line or have a high fixing power for zinc may not respond to applica- 
tions of zinc sulfate made to the soil. Therefore, in general, rosetted 
pecan trees growing on soils having a high fixing power for zinc 
will respond more quickly and probably more satisfactorily if treated 
with zinc sulfate either by spraying or by inserting the dry mate- 
rial into the tree trunks. Although rosetted trees in acid soils 
respond to the spraying and injecting methods, they also respond 
readily to soil applications of zinc sulfate applied with or in the 
same manner as fertilizers. Applications to the soil seem to hare 
the most lasting effects and are most generally used on acid soils. 
The first cost of material, however, is more than for either sprayniji 
or the dry-salt-injection method because more material is used. 

On soils not having a high fixing power for the zinc the rate of 
application should be to 1 pound of zinc sulfate for each year 
of the tree's a^, or from 1 to 2 pounds for each inch of the diameter 
of the tree trunk. The larger the dosage the greater will be the im- 
provement from the diseased condition the first year. When used as 
a fertilizer the zinc sulfate should be applied m late February or 
early March. Furthermore, it should be broadcast evenly beneath 
the trees, from near tlip tnmk to beyond the limb spread. Quicker 
and more positive results will probably be obtained by disking or 
plowing the zinc sulfate into the soil, especially on steep slopes that 
may wash, or on alkaline soils where the zinc may be fixed in the 
surface soil, or when there is not sufficient xaoigture to dissolve the 
salt and carry it down into contact with Wiis aMirbing roots. 
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DUV SALT INSBBtHW 

This treatment must be fjiven peoHtt trees iu l*t« winter or enrly 
Ji before the sap be-ins to ilow. To treM tlve t*^, l>ol<^ seven- 
Sent hs of an inch in diameter and 2> , to 3 mches d*ep nre bomd 
Semis of from 4 to 6 inches spirally once aromul the cnrum ier- 

cSe t«e trunk. The botton^s of the holes should be somewha 
Er han the oi^enin-. In each of these holes 1 heapni|r teaspoonfnl 
SSd of an ounc^) of dry zinc sulfate .s inserted A tube or 

nnelmade of tin should be ti^d to convey the zmc sulfate m o the 
E so that none of the salt comes in oont«ct wit-h the cambium. 
The holes are then plu^'^jed with No. 4 cork stoppei-s so dnvwi into 
he hole that the outer ed-e of the cork is even with the cambnim 
nfthetwe trunk. This method of treatment is recomnieuded only 
wlmsoil applicfitions of zinc sulfate are known to be lueffective or 
when the ttees cannot be sprayed. In some cases this metbod of 
treating rosetted pecan trees has caused some injury to the tree 
traiiksbv kilhufr the wood and bark adjacent to the holes. Consist- 
ent and complete recovery from the disease does not alwaj;s follow 
this method of treatment because of the small amount of zinc usod. 
Furthermore, trees which have recovered from rosette as a result ot 
this treatment do not usually ramain fi-ec fi-om diaenae for nacre 
thin 2 or 3 yeni-s. 

SPB*Y APrUCATIONS 

To control rosette by sprayinof, the trees must be sprayed with a 
solution of zinc sulfate, and the first spray must l^c apnlied before the 
disease appears in the sprinjr. The solution is made by ilissolvmg 2 
or 4 pounds of zinc sulfate in 100 gallons of water. The stronger 
solution will sometimes cause slight to moderate injury to the foliace, 
but the recovery from the diaonae is quicker when the stronger solu- 
tion is used. 

The first spray should be applied from 3 to 4 weeks after the trees 
heginto leaf out in tlie spring. The second and third apiilications 
should be made at intervals of 3 weeks, the same solution beinn; nsed 
as in the first spray. It may be advisable to make a fourth applica- 
tion, 3 to 4 weeks after the third, on younp trees that continue groNV th 
late in the season. It is important in ai)plYing zinc sulfate solutjon 
that all the leaves on the trees are thoroughly covered with tlie solu- 
tion. The spray outfit should be thoroughly flinhod out with clejwi 
water after eacli usage to prevent injury to the machine. 

Inorehards showing rosette where the complete scab control pro- 
gram is followed the zinc sulfate may be combined with the bordeaux 
mixture in the cover sprays. However, 4 pounds of zinc siilfnto 
should be used in 100 gallons of bordeaux mixture, since tiie excess 
lime will precipitate out some of the zinc. 

The method of treatment selected by eftch individual grower will be 
governed by his equipment and means, also by the type and reaction 
of his soil, Spraying will fiiniish the quickest and most striking 
?5ect of any of the three methods (figs. .^C and 57) , but this treatment 
IS not pemanent and will require i-epcating annually for several 
years, Spraying is a comparatively cheap method of rosette treat- 
niHit provided the grower hfts a spray machine. The trunk insertion 
Whod of treatment is the cheafws* MkL most adaptable of any, but 
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the effect of trunk treatments will ])robirbly not last longer than 3 
VCiU-s. Furthermore, the injury result ing from holes m the tree trunk, 
thouiih perhaps not severe, should not be ignored. 

FnndiiiTiontftny the soil method of treatment seems to be the most 
practical and permanent on soils where the trees respond to its nse, 




FwuKK f)6.— A typical badly resetted pecan tree. Pliotogrupli taken M'J^ '„ 
Figure 57 shows thjj »j«e tree on October 11 after it had been sprayea m 
times with zinc snlfftte •oflftioift.' 

and one application of a sufficient amount will be rfective for seveial 
years. Kosetted trees should react to soil treatments until the zin 
compound has been used by the tree, leached away, or becom 
otherwise unavailable for use. 
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roRMS or ZINC sulfate 
Commercial zinc sulfate is offered for sale in two forms which niay 

f in coil 
„ic coiitai 



rnmmerciul zinc sulfate is ollereci tor saio 111 innu 1......:, ....^ 

vaS compositioii accordiiisj to the amount of water o crysta h/.a- 
c onSiiied in the salt ; the mouohydi-ate zmc sulfat*^, usually a 




FfGDEE 57— The s.inie pecan tr*c shown in fiisiirc 5(i flfter Imvinc been sprsyod 
April 27, May 21, and June 25 with zhie sulfate solution. Photograph taken 

October 11. 



iranular material contahiing about 3G percent of zinc, and the peiitn- 
¥rate usually in the form of small flakes containing about 25 per- 
cent of zinc. Both compounds, «i» i^wJly.^efit^e in the coatrol off 
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rosette when used in equiviileiit iuiiouiits. The concentrations of spray 
solutions and rates of applications recommended are based on the use 
of the pentaliydrate form. The amount of zinc sulfate may be 
reduced one-tliird if the monohydrate form is used. 

LITTLE LEAF 

In the more pronounced cnms of pecan little leaf the leaflets fail to 
develop to normal size, the Isnsth wwJ width being reduced to about 
one-third or one-half of an incli. The leaf itself is often reduced to 
ft length of only 1 to 2 inclaes, eKclusive of the petiole or leaf stem, 




A slightly affected leaflet tmy be normal in size, the only visible 
symptom of the disease being the blunt point (fig. 58) . Some trees 
observed have been so severely affected that all their leaves were com- 
posed of leaflets of the extremely rounded and dwarfed type. Un 
some trees the disease may bo found only on certain branches, whereas 
other limbs produce normal leaves and twigs. Badly affected trees 
do not boar nuts, and tJieir growth is greatly retarded. Considerab e 
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riHfiice indicates that some U«m reobvm' ftftor one or inore y^rs, 
wkreasit is definitely known fet tJie U'oiible l»s pereistod ni otliws 
for a number of years. n , 

This disease is of minor nnportancc, as it seldom occurs under 
orchard conditions. When found, the diseased trees are usually 




FiGME 50— A im-nn t-vi-e sliowiu}; tlie biincli disi'nJw as it soiiietinies apvmrs 
early in the spring. 

growing in city gardens and lawns. It has been seen in a number of 
«tes bordering the Atlantic and Gnlf coasts from North Carolina 
w Mississippi. The cause of the disease is not known and con- 
»quently no remedy can be suggested. 
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colored and has a sour smell. The original injury may have been 
confined to a narrow band near the surface of the ground, but by 
girdling the trunk it caused the tree to die above the ground. The 
roots of affected trees seldom die, but sprout from below the dead 
(fig. 61). Shot-hole borers usually attack and riddle the 

trunk with many small holes soon 

after it has been injured. Growers 
consequently often attribute the dying 
of the trees to borer infestation. This 
type of injury is termed "winter in- 
jury." 

Often the injury is not so severe as 
described above because only one side 
of the tree trunk is affected. The in- 
jury will not be seen except on rather 
careful examination. At first it is 
characterized by a discolored strip of 
bark usually located a few inches 
above the ground level extending for 
varying distances up the tree trunk 
only on the south or southwest side, 
Later the bark on the injured area 
will appear sunken and dead and will 
crack where it meets the live tissue. 
The injured part of the trunk is usu- 
ally invaded by shot-hole and flat- 
headed a])ple tree borers. The M- 
* W \ M / headed apple tree borer may later 

■r ^/^^ / completely girdle the tree and cause 

^ % W y lis death. This type of injury is often 

referred to as sun scald, since it is 
similar to a sun scald Avhicli occurs in 
the summer. 

Winter injury is caused by sudden 
or excessive cjionges in temperature 
during the late fall aikl winter or 
early spring. Young trees 3 to 5 years 
old that have made a late growth are 
the most susceptible; trees over 9 or 10 
years of age are seldom afl'ected. lO 
guard against winter injury, young or- 
chards should not be given deep culti- 
vation or nitrogenous fertilizers dur- 
ing the latter half of tlie growing 
season. If the growth of the trees « 
stimulated during the fall, their sus- 
ceptibilty to winter injury is in- 
creased. Loss of young trees by winter injury can be entirely_ F'^' 
vented by wrapping the trunk of each tree during the fall with a 
burlap sack, as shown in figure 62. 

Cankers resulting from sun scald are very similar to those resulting 
from winter injury. Sun scald occurs chiefly on newly planted or 
recently established orchard trees, or on trees that have been severely 
cut back for top working. The cankers occur on parts of the ti« 
exposed to the rays of the sun from the south or southwest. Injui'S' 




Figure 01. — Winter Injury of a 
young pecan tree. The leaves 
developed normally early in the 
spring and then died in May. 
Later in the season sprouts 
formed from the uninjured roots. 
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■ yinwed bv the inrfision of borers, th« ftfctheaded apple tree borer 
£ completing the girdling started by snn sctild. It is not dafi- 
£y Svu why snch injury occurs. Transplanting or sctm-e oat- 
li7back probably predisposes the tissues to in]ux7 by temi)eraturo8 

icWli are critical. , . . 

Tadin^by natural or artificial means prevents the injury. There- 
ke less mi my from sun scald will result by heading trees low by 
Si fthe^ree trunk on the south side with a board 6 or 8 inches 
Se by ^vrapping the tree trunk with burlap or similar material, or 
by leaving small branches arising be- 
low the head on young trees to grow 
to furnish sliade until danger of in- 
jury is past. 

IMPORTANCE OF GOOD ORCHARD 
CARE AND DISEASE CONTROL 

Pecan leaves attain maximum size 
by the middle of ilay, and when free 
from injury by insects or diseases they 
retain their functioning powers until 
tlie first killing frost or f reo^ which 
usually occurs in November, an aver- 
age growing season of about 200 days. 
Some years, when the first lulling 
frost is unusually late, this period 
may be lengthened by from 15 to 30 
days. 

Thi vigor of the trees »iiid more 
especially the severity of the att-ack of 
leaf-destroying fungi are the most 
important factors that determine 
whether the leaves will remain pu the 
trees and retain their functioning 
powers during the summer and the 
gi'eater part of the autumn, or whether 
they will become spotted and droj) 
during August, September, and Octo- 
ber. There is a very intimate asso- 
ciation between some of tlie foliage 
diseases and lack of tree vigor caused 
hy improper care of the orchard; 
hence, methods of correcting the condition by improved orchard 
management cannot be too greatly emphasized. 

Young vigorous orchard trees^ especially on fertile soil, or which 
have been furnished with a nutritious fertilizer and are free from 
competition by weeds, grasses, or an intercrop, will be freer from 
"isease and carry their leaves in bettor condition throughout the 
summer. Likewise trees growing near farm buildings, on garden 
«s, or lawns, and along city streets, if not crowded by other trees, 
ordinarily carry their foliage until late autumn. The foliage on 
'fees growing in low jilaces in orchards where moisture, nitrogen, 
and mineral elements are more »bundant,, is better preserved «t the 




Fioi BK (!2.— Methort of wrnpiilnif 
young pocau tr#i»s with l)urlnp 
or similar material to prev«»nt 
winter injury. 
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end of the growing season than th*t on trees growing ne^irby in 
drier and less fertile soil. Trees in bearing orchards tliat have been 
fertilized, cultivated frequently enough to keep down weed growth, 
and well cared for otherwise, especisflly if tJiey have been properly 
sprayed, will carry their foliage in excellent condition until the 

first f FGGZG. 

On the other hand, trees in neglected, crowded, uncultivated 
orchards in which weeds, grasses, jmd brambles are allowed to take 
possession of the soil and compete with the trees for moisture, 
nitrogen, and other food-forming elements are the first to lose their 
leaves. The functioning power of leaves on such trees is greatly 
reduced after about the first of Auffust owing to severe spottnig by 
foliage-destroying fungi. Tree^ in the condition just described start 
growth slowly in the spring because of low food reserves resulting 
from poor foliage during the preTlW® yflftrs and, further, because 
of the depletion of nitrogen or any otber essential elements in the 
soil through weeds and grasses that Start growtli earlier in the sjjring 
than does the pecan. Trees growing in such unfavorable environ- 
ments cannot be expected to show any improvement or increaad 
production of nuts but instead will gradually decline in vigor from 
year to year. 

All the common and most destructive pecan-foliage diseases except 
the downy spot and vein spot are easily controlled, and the groyver 
can perform no operation in a pecan orchard that generally will yield 
more striking results in the preservation of the foliage throughout the 
summer and fall than spraying. Figure 63 shows a typical example 
of pecan-foliage preservation as the result of spraying and good 
cultural management of the orchard, as compared with figure 64, 
which illustrates an adjacent orchard not sprayed and given only 
indifferent cultural trt^atment. 

SPRAYING MATERIALS, METHODS, AND EQUIPMENT 

Spraying is the most effective means of controlling tlie greater 
number of insects and fungus diseases that attack pecan nuts directly 
or that cause foliage injury and reduce the yield indirectly. Since 
the ultimate aim of spraying is to obtain a greater yield of nuts 
than would be obtained without spraying, it is apparent that the 
expense of spraying will not be justified if the trees are low in pro- 
ductivity from ne^ect, crowding, or poor fertility of the soil. In 
order that spraying may be done intelligently and efficiently, the 
pecan grower should have a practical knowledge of the nature of the 
insects and fungus diseases he has to combat together with a know 
edge of the methods of controlling them. Some insects cannot be 
effectively controlled by spraying, and mechmiical means aie 
resorted to. 

Insects attacking the pecan may be divided into two classes- 
sucking insects and chewing insects. The obscure scale, phylloxera, 
and pecan aphids obtain their food by sucking the sap from the 
plant and are combated by the use of contact insecticides such as oil 
emulsions and nicotine. The pecan leaf casebearer, the fall webwornii 
and the walnut caterpillar, whirh actually eat the foliage or portions 
of the nuts, are destroyed by ijoisoning their food. Calcium arsenate 
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ftouBE (S4_'iypieai condition of iimny pecan oroliards dnrlng early iiutmnn. 
Defoliation caused by foliage diseases. This orcliard was not sprayed, 
fertilized, or ciiltivated. I'liotograpli taken Novemlter 2. Compare with figure 
The orelinrds shown In these two figures adjoin. 
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and lead arsenate are standard materials used in controlling this 
cltiss of msGcts. 

With the exception of scab, all the important fungus diseases of 
the pecan affect only the foliage. Among the leaf spots are vein 
spot and liver spot, present principally in portions of Texas, Louisi- 
ana, and Arkansas; and downy spot, blotch, and brown leaf spot, 
present and sometimes epidemic throughout the southern pecan belt, 
except in some portions of North Carolina and Soutli Carolina. Any 
one of these diseases is capable of doing a great amount of damage 
to pecan foliage, but it is not unusual to find two, three, or even four 
of them in an orchard. One at least is usually sufficiently prevalent 
each year in most orchards to cause some spotting of the foliage, or 
in extreme cases partial to complete defoliation. 

Most of the fungus diseases of the pecan are effectively controlled 
by spraying with bordeaux mixture. The following spray schedule 
is recommended for controlling scab: One application of 4-1-100 
bordeaux mixture early in the spring before pollination, and after 
polHnation three applications of 6-2-100 bordeaux mixture at 3- or 
4-week intervals. Vein spot will require at least as much spraying; 
as scab. Downy spot can be fairly well controlled with one pre- 
pollination application of 4r-l-100 bordeaux mixture followed hy one 
application of 6-2-100 bordeaux mixture between the middle of May 
and the middle of June. For such diseases as blotch, brown leaf 
spot, and liver spot, which have late infection periods, an application 
of G-2-100 bordeaux mixture about the middle of May and a second 
aiiplication of the same spray about 30 days later should result in 
satisfactory control. Full-season spraying against scab or vein 
spot will at the same time control other foliage diseases. Precautious 
in using bordeaux mixture have been given in the discussion of spray- 
ing against scab. 

SPKAY MATERIALS 
BORDEAUX MIXTURE 

Bordeaux mixture consists of copper sulfate, lime, and water in 
varying proportions. Several satisiactory methods have been devel- 
oped for making it, but for simplicity of equipment, economy of labor 
and uniformity of product it is recommended that either the powdered 
or the "snow" form of copper sulfate (bluestone) and hydrated lime 
be used. These forms of cop])er sulfate dissolve rapidly in cold 
water. Hydrated lime as ordinarily sold in the Southeastern States, 
especially that manufactured in Alabama and Tennessee, is usually 
satisfactory. It should be fresh, because when exposed to air for 
some time it carbonates and becomes ineffective. Hydrated lime 
has several advantages over stone lime ; it is already properly slaked 
when purchased, it is relatively free from grit when properly manu- 
factured, and a suspension or "milk" may be prepared in less time 
than is required with stone lime. The only equipment necessary 
is a bucket, tub, or keg in which the lime can be mixed with enough 
water to make a milk of lime that pours readily. , 

In the formula for bordeaux mixture the quantity of copper sul- 
fate is given first, that of hydrated lime next, and that of water last. 
A 6-2-100 bordeaux mixture is prepared from 6 pounds of copP^'' 
sulfate, 2 pounds of hydrated lime, and 100 gallons of water. Ii t"® 
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™,.tank holds 300 gallons, three times these quantities will be re- 
2d when that stitmgUi of bordeaux mixtui-e is desi<rnated. A 
ffioO bordeaux mixture for use in a 300-pllon spray ontbt may 
tn pared in the following manner: Weigh out 18 povmds of cop- 
3 e and 6 pounds "of hydrated hum Mix th^ hy^r^tol 
t with water to make a milk of hme. Dissolve the copner 

Ifatebv placing it in the strainer of the spray tank or in a burlap 
Sand allowing the inflowing water to pass through it while the 
S s being fiU^. When the spray tank is about three-fourths full 
Sail the copper sulfate is dissolved, add the milk of hme slow v 
S the agitator running. Complete the filling of the tank with 
witer If a spreader or insecticide is to be used, it should be put in 
iferthe milk of lime has been added. If a 4-1-100 bordeaux is to be 
prepared, only 12 pounds of copper sulfate and 3 pounds of hy- 
feted lime are necessary for making 300 gallons. 

Fortunately, the insecticides commonly used to combat insects ot 
Ik pecan are compatible with bordeaux mixture; so it is possible to 
spray against insects and disensos in the same operation. 

LEAD AND CALCIUM ARSENATES 

Lead arsenate and calcium arsenate are generally sold in the form 
of a powder, formerly white, but now usually colored pink as a 
safety measure. Calcium arsenate contains more arsenic and is 
cheaper per pound than lead arsenate. Both arsenicals, however, 
especially the calcium compound, are liable to cause foliage injury 
when used alone in humid climates. As manufactured commcrciallv 
they contain small quantities of arsenic that are soluble in_ water, and 
when sprayed on pecan trees the water-soluble portion is absorbed 
by the foliage and burning results. To overcome this difficulty some 
material must be added to the spray to absorb the free arsenic or 
change it to an insoluble form. Bordeaux mixture as used for tlie 
control of various diseases of the pecan is the best material for this 
purpose. As a preventive of arsenical injury it may be used as \rmk 
isM-100. Hydrated lime with ai-senicals is used on soiuie fniit treoB, 
tat it will not protect pecan ti-ees from injury. 

In arid or semiarid portions of the pecan belt lend arsenate is 
regularly used alone or with hydrated lime without apparent injury, 
tat in humid sections a preventive of arsenical injury, such as bor- 
isaux mixture, should always be added. 

LUBFlCATlNG-OlL EMULSIONS 

The pecan grower may find need to use lubrienting-oil emulsions 
firing the dormant and dclayed-doi-mant priods to control the 
obscure scale. He may prepare this emulsion himself, but it is 
■aally preferable to purchase the materiHl alreftdy prepwed.* These 
Pulsions are usually white, of creamy consistency, and contain from 
W to 85 percent oil. Since they contain oils that hare not been 
«ttemically treated for the removal of substances that may injure 
'he foUage, they should be used only during the domnant period. 

The grower should follow carefully the laanufactiirer's directions 
for mixing. The quantities of concentrated oil emulsion i cquired to 

l.wi".?'^'''"*^ Information on lubrI#«tlMr-aH wnulfiloiw aee Farm»rs" Bull»tln lOTG, 
'*«l«t!iig.oii Sprays for Use on Dormant Fruit Trees. 
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make 100 gallons of diluted spray for various purposes are shown 
in table 1. 

Table 1 —DihiHon table far use of »tock iHTtrioamg-oil cimilsiotM of diffemt 
■ (HI eontent 



on content of 
stock material 


Quantity of stock needed to ob- 
tain > fivm percentage of oil 
in 100 gallons of aolution 


Oil content of 
stock material 
(percent) 


Quantity of stock needed to ob- 
tain a given percentage of oil 
In 100 gallons of solution 


(percent) 


1 per- 
cent 


2 per- 
cent 


3 per- 
cent 


4 per- 
cent 


5 per- 
cent 


1 per- 
cent 


2 per- 
cent 


3 per- 
cent 


4 per- 
cent 


5pfir- 
cent 




Gal- 
lons 
2 
2 


Gal- 
lons 
4 

35i 


Gal- 
lons 
6 


Gal- 
lons 
g 

t'A 

1 5M 


Gal- 
lons 
10 
9H 

8H 

1 


175....- 


Gal- 
lons 
IH 
\H 
IM 

iM 


Gal- 
lons 

m 

2H 
2M 
2M 


Gal- 
lons 
4 

SU 

3H 


Gal- 
lons 

6 

iH 

m 


Gat- 
Imi 
Wi 

m 
m 
m 




IM 
i'A 
IH 


3!4 
3H 
3 


5 

4M 
4H 














1 













SUMMER-OIL EMULSIONS 

The lubricating-oil emulsions for dormant spraying, when applied 
at effective strengths, are unsafe to use on trees m foliage. Sum- 
mer-oil emulsions are chemically inert and much less likely to injure 
foliage or nuts, especially when used at strengths specified for the 
control of the pecan nut casebearer or with nicotine sulfate in aphid 
control. The emulsions should contain not less than 80 percent of oil 
having a viscosity of not more than 70 seconds by the Saybolt test 
and an unsulfonated residue of at le«st 85 percent. 

FISH OIL 

Fish oil is sometimes used as a sticker for arsenicals, and it has 
also been used efTectively in combination with nicotine sulfate for 
the control of the pecan nut casebearer. It should contain not more 
than 5 percent of free fatty acid. Fish oil is manufactured from 
several fends of fish, but the oil most commonly used for orchard 
spraying in the eastern part of the United States is known m the 
trade as choice light pressed menhaden oil. 

NICOTINE 

Nicotine is an extract obtained from the stems and leaves of 
tobacco, mostly from the waste products in cigar and cigarette manu- 
facture. It is usually sold as nicotine sulfate, containing 40 percent ot 
^ual nicotine. The nicotine sulfate form is not rapidly volatile ana 
is employed chiefly in the preparation of orchard sprays. _ To comro 
aphids, nicotine sulfate must be combined with some alkaline material 
to liberate the nicotine more rapidly. Bordeaux mixture is eftectiTe 
for this purpose, and smp is often used as a apimder. 

CARBON DISULFIDE 

Carbon disulfide is a heavy, volatile, and inflammable liquid whict 
is occasionally injected into burrows in trees for the control of bor- 
ing insects. When mixed in certain proportions with air, it is very 
explosive. Extreme care should therefore be used, both in storiDo 
and in using this material, to avoid undue heat and open flames o 
sparks of any kind. 
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THE SPRAY OtrtWlT 

Spray machines equipped with motors capable of developiiifr from 
15 to 20 horsepower and having a pnmp capacity of from 2') to 33 
'lions per minute are recommended for pecan trees. A tank hold- 
lo 300 gallons or more of spray mixture is most generally used. 
The pump should have a capacity greater than that required to 
operate at least two spray guns; one gun should be of the long-dis- 
tance mist type capable of discharging from 15 to 20 gallons of 
liquid per minute, and the other of a -.mailer type that will dis- 
charge 5 to 6 gallons per minute. The motor must have suflicioiit 
power to operate the pump with both guns open and yet iniiint-ain 
Tpressure of at least 300 to 400 pounds per square inch. 

Each spray outfit should be pro\'idcd wiUi tvro leads of hose. Tlie 
one that convej's the liquid to the long-range ^uu operated from 
the tower should be three-fourths of an inch in inside diameter 
jiid need not be more than 15 to 20 feet in length. The hose that 
cirries the spray to the smaller spray gun used on the ground can 
be one-half inch in diameter, but should be 50 to 75 feet long, 
according to the distance between the trees. 

A tower built on the tank of the sprayer is a necessary adjunct 
to any spray outfit used in pecan orchards containing trees more 
than 40 feet high. 

Pecan growers as a rule have attempted to spray too many trees 
fith limited equipment. As a result the applications have not been 
timed, the spray operators have been compelled to sacrifice 
.loroughness for speed, and the machines have been worked to full 
capcity for days at a time with little attention to rep»irs and 
adjustments. 

APPLYING THE SPRAY 

In applying sprays to pecan trees the purpose of the particular 
application should be kept carefully in mind. For instance, the 
Srst cover spray in late spring or early summer is applied chiefly 
for the control of scab anct downy spot and is made at a time when 
Host of the leaves are susceptible to infection. Thorough spraying 
ofthefohajje is therefore essential, and effective work at that time 
should eliminate early infection to a large extent. On the other 
liiind, the later sprays for the control of scab should be applied pri- 
marily to the nuts themselves, and since a large percentage of the 
wly scab spots appear on the upper portion of the nuts, the spray 
(urected from the top of a tower should furnish better protection 
™n that directed from the ground. When spraying for control of 
tile pecan mit casebearer it is necessary that all the nuts be com- 
pletely covered, but for control of the leaf casebearer the spray 
™uld be applied to the under surface of the leaves where thftt spocioe 
feeds at that time of the year. In spraying for aphids the foliitge 
">roughout the tree should be well covered. 

'he spray machine should be drawn along one side of the tree row 
"Id back along the opposite side. In spraying large pecan trees the 

whme should pause at least twice in passing each tree to permit 
sh Tli!^ operators to cover all parts within range. The first stop 

ouldbe made while approaching the tree, and the second just after 
passing the center of the tree. TTie exact position of the stop in rela- 
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tion to the tree will depend upon the direetion and veloeity of the 
wind and also upon the position of tlie larger braaiehes on the side 
beinff soraved. The operator should always take advantage of open 
spaces Ltween large limbs to spray distant parts of the treetop The 
man with the ground lead should eoneern himself ehicfly with the 
lower branches and the inner lower part of the tree, while the man 
in the tower should spray the remainder of the tree. 

If a large orehard is to be sprayed, much tune and expense will be 
saved if the water and spray materials are eonveyed to the spray 
outfit in a supply tank having a capaeity equal to that of the spray 
tank The spray machine can then be operated continuously except 
for the short time reqniied to transfer the water from the supply tank 
to the spray tank and prepare the spray solution. 

COMBINED SPRAYS FOR INSECT AND DISEASE CONTROL 

Wlieii necessary it is possible to combine in one mixture the spray 
material recommended for the control of insects ^vltl^ tli^^t recom- 
mended for fungus diseases, and thu- -avc the time and labor required 
to make separate applications. _ The spray schedule for eombatin}; 
pecan insects and diseases given in table 2, if carefully followed, will 
Lnve satisfactory control of most of the important diseases and many 
of the insect pests. For many of the insects, however, a general spray 
schedule" is not satisfactory, and the details of the control program 
must bo worked out to fit local conditions. 

Table 2— Spray pmrain lor control of pecan insects and diseases 



Iftunewdttae of 
spray 



First cover or pre- 
iiollination spray. 
When first leaves 
are half grown. 

Second cover spray. 
About timotlpsof 
small nuts have 
turned brown. 



Third cover spray. 
3 weeks after 
second cover 
spray. 



Fourth cover spray. 
Swceksattwttiiid 
cover spray. 



For control of— 



Scab, downy spot, 
vein spot. 



Scab, pecan nut 
casebearer,* 
apbids, blotch, 
brown leal spot, 
liver spot, vein 
spot, downy spot, 
rosette. 

Scab, apbids, 
blotch, brown leaf 
spot, vein spot, 
liver spot, rosette. 



Scab, pecan leaf 
casebearer, 
aphids. 



Materials 



4-1-100 bordeaux 
mixture. 



6-2-100 bordeaux 
mixture, nicotine 
sulfate 13 ounces, 
zinc sulfate 4 
pounds. 



6-2-100 bordeaux 
mixture, nicotine 
sulfate 4 ounces, 
zinc sulfate 4 
pounds. 



6-2-100 bordeaux 
mixture, calcium 
arsenate 2 pounds, 
nicotine sulfate 4 
ounces, zinc sul- 
fate 4 pounds. 



Romacfcs 



A very important diseaso spray. 



Important spray to protect the rats 
and foliSKO. Cover nuts and le«w 
thoroughly. Use zinc sulfate cms « 
rosette Is present. Important spray 
for pecan nut casebearer and sitm 
be applied at tho proper time toon- 
tain good results. ^...,,,.(1, 

As the black pecan aphid infests W 
foliage on all parts of P«a" 2' 
thorough applications are ne«2S 
Uso zino sulfate only if 
present. If tho fall webworm or « 
walnnt caterpillar Is 
dant and a serious pest, add 2 
of calcium arscnato. „j,rhpii 

On varieties tbat do not scab and 
it is necessary to control the 
leaf casebearer, use 2-1-100 bord«^ 
mixture and 2 P"»nds of 
arsenate. Bordeaux mixture isuw 
in tbls case merely as a correctives 
arsenical Injury. 



1 For complete information on the control of the pecan nut casebearer, see text p. 6. 
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